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‘First Preference’ rai 
of O:-:3 amp. heater curre 
type TV vaives 


The Ediswan Mazda ‘First Preference’ 
range of 0-3 amp. heater current valves 
provides an up-to-date type for every 
job in the TV set. In the case of the 
6/30L2, 30FL1 and 30PL1 the triode 
sections have identical characteristics 
and as a result they permit great 
flexibility in the physical layout of 
components. 


DOUBLE QUALITY CONTROL 


All Ediswan Mazda valves are subject 
to a stringent system of quality control, 
and in addition, every type in the First 
Preference TV range is controlled for 
secondary parameters which have a 
vital effect on the performance of 

TV circuitry. 


Ediswan Mazda ‘First Preference’ Range 

TYPE NO. FUNCTION 
© If you are a TV equipment manufac- 
turer we shall be pleased to supply full 
technical details together with a complete 


set of valves as listed above for testing on 
30F5 High slope straight IF & Video amplifier pentode. receipt of your enquiry. 


30L1 Band 1, 2 & 3, Cascode amplifier. 
30C1 Band 1, 2 & 3, Triode pentode frequency changer 


30C13 Ditto, specially designed for printed circuit tuncrs. 


6Fi19 High slope var. mu. IF pentode. 

6D2 Double diode signal rectifier. 

6 30L2 Double triode, LF & time base generator. 

30FL1 Triode pentode, for Video, Audio & Time base application. 


30PL1 Triode pentode Audio output & frame time base application. 


30P 12 Pentode Audio output & frame time base application. 
30P 16 


30P4 Line output pentode. 
Uig!1 Efficiency diode. 
U25 EHT Rectifier (wired-in 


U26 EHT Rectifier (noval base 
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ASSISTANTS (SCIENTIFIC). Pensionable posts 
for men and women. Age at least 174 and under 
26 (unless specially experienced) on 1.1.58. Ex- 
tension for Forces or Overseas Civil Service. 
Appropriate educational or technical qualifica- 
tions and at least two years’ relevant experience 
in one of the groups: (i) Engineering and ical 
Sciences. (ii) emistry, bio-chemistry and 
metallurgy. (iii) Biological Sciences. (iv) General 
(including geology, meteorology, and highly 
skilled work in laboratory crafts such as ss- 
blowing). Starting pay from £340 up to £530. 
Men's maximum (London) £690. Opportunities 
for promotion and for further education. 5-day 
week, generally. Write Civil Service Commis- 
sion. 30 Old Burlington Street, London, W.1, for 
application form, quoting No. S$ 59/58. W 2866 





COMMONWEALTH OF AUSTRALIA. Com- 
monwealth Scientific and Industrial Research 
Organization. Division of  Electrotechnology. 
Appointment No.: 7:5 Research Officer. 
Applications are invited for appointment to a 
Position of Research Officer with the Organiza- 
tion’s Division of Electrotechnology. located at 
the National Standards Laboratory. in the 
rounds of the University of Sydney, New South 
ales. The Division is actively engaged in fun- 
damental research on problems associated with 
the establishment and determination of elec- 
trical measurement standards and now requires 
a research worker who will concentrate his activi- 
ties in the high frequency region. Initially he 
will be asked to concern himself with co-axial 
line problems at frequencies up to 3 000 Mc/s. 
Adequate basic measuring facilities are available 
throughout the Division The research staff is well 
backed up by an excellent library a, and 

highl® competent drawing office and wor' 
stuff. The Division is situated in the same build- 
ing as the Organization’s Divisions of Radio- 
physics, Physics and Metrology and within the 
grounds of the University of Sydney. Applicants 
should possess at least a University Honours 
Degree in Science with Physics or Mathematics as 
a major subject, or in Physical Engineering, or 
equivalent qualifications, together with appro- 
priate research experience. Experience in elec- 
tronic techniques is desirable. Commencing 
salary is dependent upon the appointee’s quali- 
fications and experience and will be determined 
within the salary range of Research Officer 
£A1,313-£A1 938 p.a. The appointment will be 
conditional upon a satisfactory medical examina- 
tion and the appointee will be reauired to con- 
tribute to, and to receive benefits from the 
Commonwealth Superannuation Fund, or the 
Commonwealth rovident Account. An 
appointee migrating from overseas will be 
eligible for first-class sea or air transport to 
Australia for himself, his wife and family. An 
appropriate contribution will also be made to- 
wards fares of an Australian appointee, his wife 
and family, temporarily abroad for study or 
similar pu . Applications quoting Appoint- 
ment No. 750/88 and stating full name. place, 
date and year of birth, nationality, marital state, 
present employment, particulars of qualifications 
and experience, and of war service. if any, 
accompin‘ed by the names and addresses of 
three professional referees and a list of publica- 
tions, should reach the undersigned, from whom 
further porticulars may be obtained, by the 24th 
May, 1958. A Shavitsky, Chief Scientific 
Liaison Officer, Australian Scientific Liaison 
Offices, Africa House, Kingsway, London, w ae 
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EUROPEAN ORGANISATION FOR NUCLEAR 
RESEARCH (CERN) Geneva, Switzerland, has 
a limited numter of vacancies for Laboratory 
Technicians (Electronic Electrical Mechanical 
Optical), some years of appropriate experience 
in a sy Sy laboratory essential. Annual salary 
range 9, to 14,000 Swiss Francs, tax free, plus 
allowances (12 Swiss Francs = £1! approximately). 
Further information and application forms from 
Ministry of Labour and tional Service, 0.5, 
32 St. James's Square, London, S.W.1. Ref. 
2/OS244/58. W 2869 
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BRADFORD INSTITUTE OF TECHNOLOGY 
(College _of Advanced Technology). Principal: 
E. G. Edward, B.Sc., Ph.D., FRIC. Appili- 
cations are invited for the post of Reader in 
Electrical — Applicants should possess 
high academic qualifications and have consider- 
able research experience. The successful applicant 
will be expected to organize post-graduate 


ESSEX EDUCATION COMMITTEE, South-East 
Essex Technical College, Longbridge Road, 
Dagenham. Required in Seprember Assistant 
Grade **B™ to teach mainly Radio and Television 
Servicing and Electrical Technicians (Electronics) 
Courses. Teaching and servicing experience is 
desirable. Salary: £650 x £25 to £1,025, plus 
dditi for grce or equivalent, approved 





and supervise research in the Department. 
Salary scale, for men, £1,550 to £1,800 per 
annum. Previous industrial or research experience 
may be taken into account in fixing the commenc- 
ing salary. Further particulars of the appointment 


and forms of application may be obtained from 
the Principal, Institute of Technology, Bradford, 
7. W. H. Leathem, Clerk to the Cova 


COUNTY BOROUGH OF BOLTON. Bolton 
Technical College. Applications are invited for 
the following posts: Electrical Engineering Depart- 
ment. Senior Lecturer in Electronic Engineering 
tO supervise existing courses, develup new courses 
and organize the electronics laboratories. Appli- 
cants must be graduates or possess equivalent 
qualifications and have had appropriate teaching 
and industrial experience. Salary scale: £1,350 x 
£50—£1.550. App'ication forms. obtainable from 
the Chief Education Officer. Education . 
Bolton, by sending a stamped addressed foolscap 
envelope. be returned not later than 3rd 
May, 1958. W 2882 


ELECTRONICS TECHNICIAN for Physics Dept. 
Ducane Road, London, W.12. within 10 days. 
of new equipment, maintenance of apparatus sd 
radioisotope and radiation measurements. The 
successful applicant will take part in an interest- 
ing and rapidly expanding field of scientific work. 
Salary scale £475-£600 plus London Allowance. 
Detailed applications to Secretary, Hammersmith 
Hospital and Postgraduate Medical School, 
Ducane Road, London, W.12, within 10 days. 

W 2884 


NORTHAMPTON. College of Advanced Tech- 
nology, London. Applications are invited, especi- 
ally from those in industry, for the following 
additional appointments of lecturers and assistant 
lecturers in the Department of Electrical Engin- 
ecring, for the subjects of: (a) Electrical Instru- 
ments; (b) Telecommunications: (c) Applied Elec- 
tronics; (d) General Electrical Engineering. The 
work of the department is concerned with 
Degree, and Sandwich Diploma (Dip. Tech.) and 
= graduate courses in Electrical Engineering. 

¢ posts provide facilities for research. develop- 
ment and experience in industria! liaison. Success- 
ful appiicarts. who should possess a Degree in 
Electrical Engineering, can be given in-service 
training in teaching methods. Salary scale: 
Assistant Lecturer: £890 x £25—£1.175 per 
annum; Lecturer: £1200 x £30—£1,350 per 
annum. Plus. in each case, London allowance 
of £36 increasing to £48 at age 37. Porticulars 
and form of application from the Secretary, 
Northampton College of Advanced Technology, 
St. John Street, E.C.1. W 2852 


THE POLYTECHNIC, 309 Regent Street. W.1. 
Electrical Engineering Department. Applica- 
tions are invited for a ps as Assistant Lecturer 
(Grade B) in Electrical Engineering to take up 
duties on Ist September, 1958 Candidates 
should possess a University Degree in Engineer- 
ing or equivalent qualification and have had 
suitable industrial experience Ability to teach 
Telecommunications and/or Electronics up to the 
standard of the final B.Sc.(Eng.) and Diploma 
in Technology examinations will be an advantage. 
Salary in accordance with the Burnham (Further 
Education) Scale for Grade B Assistant Lecturer, 
which rises to a maximum of £1.025 per annum, 
p'us allow*nces for graduate status (£75), train- 
ing (£25-£75). and London £36-£48). The com- 
mencing salary will depend upon qualifications 
and experience and may include up to twelve 
increments in respect of approved service in 
industry. The posts are subiect to superannua- 
tion and some concession in this respect may be 
made for previous industrial employment Further 
particulars and app'tication form. to be returned 
no Ister than 2nd May, 1958. may he obtained 
by sending a stamped addressed foolkcap en- 
velope to the undersigned. J. E. Richardson, 
Director of Education. W 2875 


training and London allowance. — Increments 
within scale for previous teaching service, 
approved industrial experience and War/ National 
Service. Details and application forms (stamped 
addressed foolscap envelope) from the Clerk to 
the Governors at the College. W 2874 


IMPERIAL COLLEGE OF SCIENCE AND 
TECHNOLOGY. Applications are invited for the 
post of Laboratory Steward to be responsible for 
the Control Engineering teaching and research 
laboratories. The post offers exceptional oppor- 
tunity of wide experience in this subject. A 
thorough knowledge of electronic circuits and 
electro-mechanical apparatus is essential; experi- 
ence of hydraulic or pneumatic systems desirable. 
The post is graded initially as Senior Technician, 
salary £590 x £20—£690, plus London Weighting. 
Applications to the Professor of Electrical in- 
eering, Imperial College, London, S.W.7, not 
later than 16th May. W 2885 


KENT EDUCATION COMMITTEE. Medway 
College of Technology. Applications are invited 
for appointment as full-time Avxsisiant_ Lecturer 
Grade B in Electrical Engineering. Candidates 
should be University Graduates, —— mn 
Telecommunications is desirable. alary scale 
£650 x £25 to £1,025, together with allowances 
in accordance with the Burnham Award Starting 
salary according to qualifications and experience. 
Particulars and application form from t Prin- 
cipal, Medway College of Technology, Horsted, 
Maidstone Road, Chatham, Kent/s.a.c. W 2859 


MINISTRY OF TRANSPORT & CIVIL AVIA- 
TION requires Electrical Engineers (Assistant 
Signals Officers) for aviation telecommunications 
and electronic navigational aids. Minimum age 
23. Ist or 2nd Class Degree in Physics or Engin- 
eering. or A.M.1 EE. or A F.R Ac.S. (candidates 
with Parts I, I] and Ill of A.M.1.E.E. or Parts 
I and Il of A.F.R.Ae.S. of equivalent, or of 
very high professional attainment without these 
qualifications considered). Salary £665 (age 23) 
to £1,085 (age 34). Maximum £1,250. Slightly 
lower outside London and for women. Five-day 
week. Further details and forms from M.L.N.S., 
Technical and Scientific Register (K). 26 King 
Street, London, S.W.1, quoting Stsree. anne 


THE UNIVERSITY OF MANCHESTER, Jodrell 
Bank Experimental Station. There is a vacancy 
for a senior Engineer in connexion with the 
250-ft. steerable radio telescope at the Jodrell 
Bank Experimental Station of the University of 
Manchester. The successful candidate will be 
responsible for the safety of personnel and the 
maintenance of the telescope, including the elec- 
trical and mechanical parts and the electronic 
instrumentation associated with the drive and 
computing systems. In addition, he will be re- 
quired to organize the duties and routine of the 
controllers: to act, when required, as controller 
to ensure 24-hour continuity of the research pro- 
grammes: and to undertake such other duties as 
nay be assigned to him. Applications are in- 
vited from persons with ——s in the super- 
vision and maintenance of heavy engineering and 
electrical equipment. Some general acquaintance 
with electronics is desirable. Membership of the 
Institute of Mechanical and/or Electrical Engin- 
cers or a First Class Board of Trade Certificate 
in Marine Engineering. Membership of the Insti- 
tution of Marine Engineers: or some other equiva- 
lent qualification. is essential. The commencing 
salary will depend on qualifications and experi- 
ence up to a maximum of £1,250 per annum, 
with membership of the F.S.S.U. and children's 
allowance. Applications giving the names and 
addresses of two referees should be addressed to 
The Bursar, University of Manchester, Oxford 
Road, Manchester, 13. W 2879 
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LONDON COUNTY COUNCIL. South East 
London Technical College, Lewisham Way, 
S.E.4. Required for September, 1958, Visiting 
Lecturers (day and evening) for possible vacan- 
cies in following subjects: Physics (Heat) up to 
Honours standard; Electronics and Control 
Systems Al-A2; Electrical Engineering & Science 
Si-S3; Radio & Television Service, Inter, and 
Final. Application forms and details of payment 
from Secretary at College. (518). W 2856 


THE UNIVERSITY OF MANCHESTER, Radio 
Telescope—Duty Controller. A vacancy exists for 
a eet of Duty Controller in connexion with the 
250-ft. steerable radio telescope at the Jodrell 
Bank Experimental Station of the University of 
Manchester. The commencing salary, which will 
depend on qualifications and experience, will not 
exceed £650 per annum, but will be subject to 
review later. The radio telescope is driven by 
remote control and the person appointed will be 
required to work on a shift basis in the control 
room of the telescope. Under normal conditions 
the duties will include the simple following of 
Operating instructions as determined by the 
research programmes, but quick judgment may 
be necessary when emergencies arise. The duties 
include the routine maintenance of the electronic 
control equipment and instrumentation in the 
control room. Candidates must be physically fit, 
with good eyesight, and be capable and willing 
to work on a shift basis to cover the 24 hours. 
They must be capable of keeping full, accurate 
and tidy records relating to the duties entrusted 
to them. Candidates must hold a Higher National 
Certificate in Electrical Engineering, or a senior 
City and Guilds Certificate in some braneh of 
light current electrical engineering or similar 
qualifications. Previous experience of the control 
of plant or apparatus containing both electrical 
and mechanical parts is desirable. Applications, 
giving full details of qualifications and experience 
as well as the names and addresses of two referees, 
should be sent to Professor A. C. B. Lovell, 
Director, Jodrell Bank Experimental Station, 
Lower Withington, Macclesfield, Cheshire. W 2878 


SITUATIONS VACANT 


A GRADUATE PHYSICIST with research ex- 
ience is es by British Cellophane Limited, 
idgwater, Somerset. The work will be on 

laboratory investigations of an applied and funda- 

mental nature into physical processes to supple- 
ment the work of an electronic section. Write to 

Personnel Officer, quoting Ref. No. R72. E. 

W 2837 


BRITISH PETROLEUM COMPANY LIMITED 
as a vacancy for an Electronic Engineer for 
work in the Instrument Group at its Research 
Station at Sunbury-on-Thames. Applications are 
invited from men with a University Degree in 
Physics or Electrical Engineering or equivalent. 
Some experience in the design and development 
of electronic instruments preferable. Work will 
include development of instruments for the con- 
trol and testing of internal combustion engines, 
for process control, and for chemical and physical 
measurements. Age under 35. Salary according 
to age, qualifications and experience. Non- 
contributory Pension Fund. Assisted House Pur- 
chase Scheme. Removal expenses and settling-in 
allowance payable in certain cases. Luncheon 
Club. Write, giving full details, quoting H.3303A, 
to Box 5736, c/o 191 Gresham House, E.C.2. 
W 2877 


BRITISH THOMSON-HOUSTON CO. LTD. 
The British jomson-Houston Co. Ltd., has a 
vacancy for an engineer or physicist in the Valve 
one of its Research Laboratory at 
Rugby. is group is concerned with the 
development and application of new construc- 
tional techniques for valves and semiconductor 
devices; the work covers a wide field of activity 
and is of exceptional interest The applicant 
selected for this appointment will, after a short 
introductory period, also expected to take 
charge of a small batch construction group. Pre- 
vious experience in the valve industry is not essen- 
tial. Applicants having a minimum qualification 
of Higher National Certificate are invited to 
write to the Director of Research, The British 

-Houston Co. Ltd., Rugby, quoting 
Reference FCWT. W 2821 
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ELECTRICAL ENGINEER. A _ well-established 
group of companies in the West London area 
is expending its activities in the automatic con- 
trol te This appointment is with the research 
and de@eclopment division. The successful appli- 
cant we be responsible for carrying out measure- 
ments on magnetic materials, and experimental 
work on static magnetic devices including mag- 
netic amplifiers. Candidates must possess a 
University Degree. Experience with magnetic 
devices is of value but not essential. Most im- 
yrtance is attached to a sound knowledge of 
undamentals and an original approach to_ the 
work. Top salary with pension scheme facilities 
is offered. Excellent opportunity to gain 
valuable experience in a new field, and to 
advance with a growing concern. Apply to 
Technical Director, Gresham Developments 
Limited, Gresham House, Hanworth, a 


ELECTRONIC ENGINEER required for import- 
ant work in a smal! Electronics Laboratory near 
St. Albans concerned with the design and 
development of a wide range of equipment used 
for the instrumentation of aircraft and ground 
test rigs. Applicants, who should possess a 
Degree or H.N.C. in electrical engineering or 
physics, must have a good all round knowledge 
of electronics as applied to instrumentation, the 
field of particular importance including Carrier 
Amplification and Associated Transducers, 


Recorders, etc. Full details to Box W 2860. 


ELECTRONIC ENGINEER. A Mechanical or 
Electronic Engineer with experience in control 
electronics is to be appointed to an environ- 
mental test team engaged in guided flight work. 
He should be qualified by a Degree or H.N.C., 
and will undertake the supervision of vibration 
testing. Alternatively, a man with the appro- 
priate Services experience would be considered. 
Apply to the Personnel Manager (Ref. 757), 
Elliott Brothers (London) Limited, Boreham- 
wood, Herts. W 2855 


ELECTRONIC ENGINEERS required for in- 
teresting work on transistor hearing aids, minia- 
ture transistor amplifiers and miniature compo- 
nents. Engineers of graduate status or with 
H.N.C. plus good industrial experience, will have 
an opportunity to work with maximum freedom 
to develop their own ideas, Congenial surround- 
ings, good colleagues and an attractive starting 
salary. Apply, Chief Engineer, Ardente 
Acoustic Laboratories Ltd., 8/12 Minerva Road, 
North Acton, London, N.W.10. W 1005 


ELECTRONIC ENGINEER is required for the 
Electronic Section of the eng Research 
Division of large aircraft Company. Duties will 
include design and development of vibration test 
equipment, temperature control systems, and other 
specialized research equipment. Preference will be 
iven to candidates holding a degree of the 
fligher National Certificate (with endorsements 
for electronics) and having had experience in the 
above field. Applications with full particulars of 
qualifications and experience should be addressed 
to the Personnel Manager, A. V. Roe & Co. 
Ltd., Greengate, Middleton, Manchester. W 2870 


ELECTRONICS ENGINEER. An_ Electronics 
Engineer with O.N.C. or equivalent is required 
for a post in an expanding computer group which 
is developing novel types of digital computers. 
Applications should be addressed to A. V. Roe 
& Co. Ltd., Hanworth Lane Chertsey, oy, 


ELECTRONIC ENGINEERS are required for an 
extensive development programme on Radar 
Navigationai Aids. Applicants should have ez- 
Perience in this field and preferably also in 
working with the Ministry of Supply. Senior 
Engineers are meeded to act as project leaders 
while juniors are also required for detail design 
work. The laboratories are situated in a new 
town giving easy access to London and the 
countryside. The nearby Hatfield Technical Col- 
lege offers excellent tucilities for study. Amenities 
include pension scheme and a wide range of 
spurts club activities. Applications giving full 
details of experience, qualifications and aye will 
all be seen by the Chief Engineer, Electronics 


Division, but should be addressed initially to the 
Murphy Radio 
W 283% 


Personne! Manager (E.48), 
Limited, Welwyn Garden City. 


ELECTRONIC ENGINEER required to take 
charge of ali electric control gear and switch- 
board department, of company near Birmingham. 
Applicants will be directly responsible to directors 
and should be capable of designing any type 
of electric automatic control system to meet 
customers specifications, and should particularly 
have a complete knowledge of magnetic amplifier 
systems applied to automatic voltage control of 
alternators. Applicants should be educated at the 
standard of University Degree or High National 
Certificate, and should state age and experience 
in strict confidence, to Box W 1007. 


ELECTRONIC WIRING ASSISTANTS. Appli- 
cations are invited from men experienced in 
Wiring Electronic Equipment, able to work from 
circuit diagrams and preferably used to Proto- 
type work. Five-day week, canteen and super- 
annuation scheme. Please write stating age, ex- 
perience and salary required, quoting Ref. B33, 
to the Personnel Officer, Hilger and Watts Ltd., 
98 St. Pancras Way, Camden Road, nee none 


7 


ENGINEERS required for work in connection 
with Computers, T.V. 
F.M. Transmitters, Electronic Instruments, Elec- 
tronic M/C Tool Control. Whilst an H.N.C. or 
, the over- 


Broadcast Equipment, 


O.N.C. qualification is desirable, 
riding requirement is a sound theoretical know- 


ledge of electronics. Superannuation Scheme. 


Singte lodging accommodation available. Satur- 
day morning interviews by appointment. Call or 
write: Personnel Department (E/22) E.M.I. Elec- 
tronics Ltd., Blyth Road, Hayes, Middlesex. 

W 2863 


J. LANGHAM THOMPSON GROUP. Enginecrs 
required for Development work involving Trans- 
ductors, Transistors and Electronics. The ability 
to ‘get things done’ will rate as highly as 
academic qualifications and the successful candi- 
date will have ample scope for initiative and 
originality in meeting the requirements of an ex- 
panding programme. Please apply in writing to: 
Messrs. J. Langham Thompson Ltd., 2/4 Wigton 
Gardens, Stanmore, Middlesex. Quoting refer- 


ence: KAB/JLT. W 2871 
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BE RIGHT 
FROM THE START 


Good designs incorporate 


PRECISION 
W/IREWOUND RES/STORS 
Tor consistent accuracy 


A.L.D. & A.R.B. APPROVED 


Al PYLG COMPONENTS Ltd. pagan banca tyes eae eh Ag 


manufactured to meet exacting requirements they have 





improved stability and a guaranteed temperature coefficient. 
551 HOLLOWAY ROAD, LONDON N.I9 A large range of standard types are available including 
Telephone: ARCHWAY 0014/5 coananar’ pone gallndioss Ccbds eek tee details. 





THIS === 


VALVE RETAINER 


This is the valve retainer everyone has been 
waiting for, the Lewis high-quality, high- 
efficiency retainer made in sizes to RCS 
257 and RCL 257. Cadmium plated DTD 
904, Passivated DTD 923, connecting 
springs in stainless steel from EN 58A. 

Send to-day for samples and prices. 


LEAVE /T 7, 


Lewis are also makers o{Beryllium Copper F 4 f-[//] fA 


*Wavey’ Washers and springs and pressings in = OF REDDITCH 


Beryllium Copper for the electrical and electronic industries. , SPRING CLIPS 
RK, WIRE FORMS 


Full details will gladly be sent on request. 
TE SPRINGS 


THE LEWIS SPRING CO LTD - RESILIENT WORKS - REDDITCH 
TELEPHONE: REDDITCH 720/PBX London Office : 122 High Holborn, W.C.!. Telephone : Holborn 7470 and 7479 
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SITUATIONS VACANT (Cont'd,) 


ENGINEERS with some five years’ practical ex- 

—- of radio freyuency deugn work required 
interesting sew project in lsboratory situated 

in South West outskirts of London. Penswa 

—- Write ~—_ full particulars of experience 
and salary required to Box W 1976. 


ERICSSON TELEPHONES LTD. have in their 
Research Laboratories a number of vacancies for 
circuit igners a r s to work 
on nucleonic instruments, and interesting new 
developments in electronic computing and switch- 
ing; both senior and junior posts are available. 
Applicants should have a a or equivalent 
lus several years’ experience o riate work 
or the senior posts: corres ingly reduced 
qualifications and experience will be accepted for 
junior posts. Salaries will be in accordance with 
age, qualifications and experience. Applications, 
giving details of age, aca ic or other training 
and qualifications, experience and starting salary 
required, should be sent to the Personne! Officer, 
Ericsson Tel Ltd., ton, noting 








LOUIS NEWAR LIMITED _ require 

Development te el for work on Aircraft and 
Industrial Instruments in their yes at 
New Addington. Candidates should preferably 
have a Degree and have some eaperience of either 
Capsule Scheme. Pea or servo engineering. 
Pension Please apply in writing to 
Personnel Officer, Newark Ltd., Purley 
Way, Croydon, a" W 2868 


PLESSEY NUCLEONICS. The Atomic Energy 
Unit of the Plessey Group of Companies require 
several Senior Draughtsmen for interesting design 
work in connection with U.K.A.E.A. contract 
and private venture development “ electronic 
equipment for nuclear reactor applications, 
radiological defence and many other allied fields. 
Previous + in the design of electronic, 
radio or light current electrical equipment essen- 
tial. Familiarit with Ministry specifications an 
advantage. ese positions offer excellent 
salaries and prospects for advancement in an 
expinding Company. It is intended to appoint a 
Section Leader to control the Electronics section 
of the Drawing Office. All suitably qualified 
applicants will be considered for this position. 
Box W 2861. 


PRODUCTION MANAGER REQUIRED, experi- 
enced in C.R.T. and High Vacuum techniques 
with a Company engaged in Cathode Ray Tube 
reconstruction. There are excellent prospects in 
a growing Company for the right man. _Inter- 
view arranged in London. Write in confidence 
full details to Box W 1! { 


SENIOR DEVELOPMENT ENGINEER required 
to take charge of detailed design and development 
of vacuum tubes in Research and Development 
Laboratories specializing in Cathode-Ray Tubes, 
Storage Tubes and similar devices. Must have at 
least five years’ experience of vacuum technique, 
preferably industrial, and a working knowledge 
of electronic circuit principles. Phvsics degree or 
equivalent ag ge together with some mathe- 
matical ability. A wider —- ty ~ of experience 
may be acceptable in place o Degree but some 
academic knowledge is essential. Must be capable 
of | a team of ex iw experimental 
foi ay range £1, £1,400 per annum. 
x 


SENIOR ELECTRICAL ENGINEER. This 
appointment is in a newly formed research and 
development division of a well established group 
of companies in the electronic and light electrical 
engineering field. person appointed will be 
responsible to the Director of the Comeety for 
the design and development of high quality elec- 
tronic equipment associated with automatic con- 
trol systems. Candidates must possess a Univer- 
sity ree and several years’ experience in the 
electronic design and development field. Original 
design ability is of particular importance. “A 
gued salary commensurate with qualifications and 
experience is offered. Excellent advancement 
Br ts ~~ song 8 — ability and initiative. 
ension Scheme. 4 B yg =~ Director, 
Gresham Development imi resham House, 
Hanworth, Middlese 2872 


SENIOR ELECTRONICS ENGINEERS with ex- 

nce and technical ore. App'y the Research 
R Organisation of A.G.I. Lid., 105 Lansdowne 
Rosa” Croydon. W 1008 


ELECTRONIC ENGINEERING 


SENIOR ELECTRONIC ENGINEER required 
by Louis Newmark Ltd., for work ai their New 
Addington Laboratories on design problems in 
relatiun to control systems with particular empha- 
sis on the development of new Sater pence ne 
transistor circuitry. Applicants shou 

gree and should have had considerable indus- 
trial experience. Pension Scheme. poly in 
writing to: Personnel Officer, Louis wmark 
Lid., Purley Way, Croydon, Surrey. W 2858 





TELEVISION RESEARCH AND DEVELOP- 
MENT. A fully qualified and experienced Tele- 
vision Engineer is now required to join an expert 
team of Engineers engaged in one of the most 
advanced technical development programmes in 
the industry. _ This includes colour research; wide 
angle bined T.V./F.M. Radio 
Receivers: advanced (but realistic) projects. The 
well-equipped Laboratories of the Company are 
situated in a convenient West London district, 
and a high commencing salary will be offered 
to the right man. The position is permanent and 
pensionable and offers considerable scope for 
advancement. Please write (in strict confidence) 
giving full particulars of experience, qualifica- 
tions, present salary level, to Box W 2843. 








TV.  MARCONT’S WIRELESS TELEGRAPH 
COMPANY LIMITED, Chelmsford. require ex- 
Perienced engineers to undertake the installation 
and commissioning of television transmitters and 
associated equipment. majority of the 
assignments are overseas and offer attractive pros- 
pects to suitable applicants. Applications can 
also be considered from young engineers 

ing academic qualifications. but who have not 
yet obtained the ary experience of this 
type of work as suitable familiarization training 


TECHNICAL SALES REPRESENTATIVE. Lead- 
ing firm of electrical component manufacturers 
situated in N.W. London require Technical Sales 
Representative with first-class knowledge of radio, 
television and electronic industries as to cover 
mainly Southern England territory. Superannuation 
scheme available for men up to 50 years of a 
and a car will be provided. Salary up to £1, 
on Write stating age and yg in chrono 
logical sequence to Box 3M P893, A.K. Advg., 
212a Shaftesbury Avenue, London, W.C.2. 

W 2883 
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SITUATIONS WANTED 





LINGUIST, French, German, Italian, Polish. 

Nationality British (35), eight years’ design ex- 

perience in radio communication and electronics, 

ae X ates in export, publicity, etc. 
1010. 


REPRESENTATIVES SELECTED and_ intro- 
duced by Commercial Travellers Appointment 
Specialists. 15 Golden Square, London, w ties 


TECHNICIAN. Layout and construction of elec- 
tronic equipment from theoretical diagram only. 


Skilled engineer and draughtsman. Period of ~ 
eA or as required. Resident West London. 





EDUCATIONAL 





can be given. The appointments are per 

and pensionable with guod starting salaries and 
generous overseas allowances. Write in_confi- 
dence. giving full details and quoting reference 
EE.2104A, to Mr. J. L. Scott, Department 
CPS., Marconi House, 336/7 Strand, tendee. 
W.C.2. W 2865 





VICKERS GROUP, RESEARCH ESTABLISIH- 
MENT. DESIGN ENGINEERS. Applications 
are invited for the posts in the central research 
establishment of the Vickers Group by Design 
Engineers. Experience in Electronic, Electrical, 
Hydraulic, small Mechanism, and Machine Tool 
Engineering is a valuable asset in the order as 
stated. The Duties of the occupants of the posts 
are the design and supervision of the construc- 
tion of both experimental and prototype equip- 
ment in conjunction with the Scientists of both 
the Research and Development Divisions. It is 
desirable that the Design Engineers take part in 
the experimental work in the laboratories. The 
Minimum Qualifications desirable are Corporate 
Membership of a Professional Institution. The 
Experience necessary varies with seniority. Success- 
ful applicants must have complete familiarity 
with drawing office and workshop practice and 
be able to work in close liaison with scientists. 
Salaries are commensurate with Experience and 
Qualifications. Applications should be made in 
the first place to Vickers Group Research Estab- 
lishment, Brooklands Road, Weybridge, Surrey. 

W 2825 





CITY AND GUILDS (Electrical. etc.) on “NO 
PASS—NO FEE" terms. Over 95 per cent suc- 
cesses. For Fal details of modern courses in 
all branches of Electrical Technology send for 
our 144-page handbook—FREE aad post free. 
B.1.E.T. (Dept. 337c), 20 Wright's Lane, KT) 
w.s. 


FREE! BROCHURE giving details of course in 
Electrical ot ineering and Electronics, covering 

A.M.Brit.1.R.E., City and Guilds, ~. Moderate 
‘aa. Write to E.M.I. Institutes, ot EE29 
London, W.4. (Associated with H.M.V.) W 4953 


NORTH STAFFORDSHIRE yecunaces 
COLLEGE, Stoke-on-Trent uae KF H 
Webb, O.B.E., D.Sc., F.R.1.C., M.1.Chem. MS 
F.1.Ceram College of Ceramics. Course on 
Electrical and other Technical Ceramics. There 
will be a four-day course of lectures on the above 
subject at the College of Ceramics, North 
Staffordshire Technical College, Stoke-on-Trent, 
from Tuesday, 3rd June to Friday, 6th June 
inclusive, from 10.0 a.m. to af’ m., and from 
2.0 p.m. to 5.0 p.m. each day. Specialists in the 
various fields will summarise the present posi- 
tion regarding porcelain, steatite, alumina, 
borides, carbides and nitrides, cermets, ferro- 
electrics, ferromagnetics and semi-conductors. 
The fee for the course will be £2. Further par- 
ticulars may be obtained from the Principal, 
North Staffordshire Technical College. Stoke-on- 
Trent. H. Dibden, Clerk to the a -; 


THE UNIVERSITY OF MANCHESTER. 
National Research Development Corporation 
Scholarships. Applications are invited for the 
above scholarships each of an annual value of 
£300, tenable in the Computing Machine Labora- 
tory for one year, with the possibility of renewal 
up to three years. Candidates should be 
graduates in Physics or Electrical Engineering 
interested in the design of Digital om gee | 
Machines. Scholarships of an annual value o 
£500 tenable under the same conditions, may be 
awarded to graduates with ble qualifications 
and research experience, who must devote their 
whole time to research in the University, except 
that they may be asked to undertake a limited 
amount of teaching in the University. — 
cations should be sent not later than July Ist 
1958, to the Registrar, The University, Manchester 
13. from whom forms of application may be 
obtained. W 2857 
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very low energy Beta 


E K C 0 Type N612 


scintillation 
counter 


Measurement of low and very low energy Beta 
emitters, such as carbon 14 and hydrogen 3 (tritium), 
presents no difficulties with this specially designed 
Ekco scintillation counter which can be used with 
any scaler or ratemeter providing the necessary 
power supplies. 

Carbon 14 counting efficiency of 50°, can be obtained 
at room temperatures with a background count of 
1-2 per second. At —20° C. tritium counting efficiency 
can exceed 10% with a background count of 10-15 
per second. 

The sample, either dissolved in a liquid phosphor 
such as diphenyl-oxazole in toluene (PPO) or sus- 
pended in a ‘gel’ (ppo-thixcin), is prepared in a 
small (about 25 ml) glass container. 

To enable this counter to be used under normal 
lighting conditions, an interlocked shutter is in- 
corporated which can be opened only when a lid is 
closed over the sample. 


S 


The sample chamber is shielded against ex- 
ternal radiation from all directions by 2.5 c.m. 
of lead and is contained, together with an 
amplifier, in a strong steel case which is fitted 
with carrying handles. 


WE ARE EXHIBITING AT THE 


INSTRUMENT &2 ELECTRONICS 
OLYMPIA, 


APRIL 16-25, 


IN AUTOMATION EXHIBITION, 


STAND NO.S505 


Write for full details of this and other EKCO instruments to :— 


EKCO ELECTRONICS LIMITED 


SOUTHEND-ON-SEA, ESSEX 


1958 
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EDUCATIONAL (Cont'd.) 


T.V. AND RADIO—A.M_Brit. I.R.E., City & 
Guiids, R.TE.B. Certificate, etc., on “‘No Pass 

No Fee" terms. Over 95 per cent successes. 
Details of Examinations and Home Training 
Courses in all branches of Radio and T.V. Write 
for 144-page handbook—Free. B.1.E.T. (Dept. 
337H), 29 Wright’s Lane, London, W.8. W 187 


JNIVERSITY OF EDINBURGH. Principal: Sir 
Edward App'eton, G.B.E., K.C.B., D.Sc., F.R.S 
Diploma in Electronics and Radio. The one year 
Post-Graduate Diploma Course in Electronics and 
Radio will commence on 7th October, 1958, and 
will provide cpecialised training for those wish- 
ing to proceed to research in this field, or to 
emp'oyment in industrial organisations Appli- 
cants should hold an Honours Degree in Elec- 
trical Engineering, Mathematics or Physics. The 
mai? lecture courses are in network theory, prin- 
ciples of value and transistor circuits, transmission 
and radiation theory, and particles in fie! 

Laboratory and field work will be arranged. to 
support the lecture courses. A limited number 
of grants can be made available for suitable 
candidates. Further particulars and application 
forms can be obtained from the Secretary to the 
University, University of Edinburgh, Old College, 
South Bridge, Edinburgh, 8 Charles i 
Stewart, Secretary to the University W 2853 


CAPACITY AVAILABLE 


ELECTRONIC, Electro-mechanical assembly. 
Complete equipments, prototypes. sub-assemblies. 
cable-forms. etc. Inspection, test. collection and 
delivery. Contronics Ltd.. Blackdown, Surrev, 
near Aldershot, Hants. Deepcut 236. W 1990 


SMALL FIRM have capacity available for design 
and development of prototypes, models, etc. Can 
successfully carry out small scale production in 
spite of frequent alterations in design. A.I.D. 
approved. Reasonable charges. Fyfe, Wilson & 
Co, Ltd., Station Works, Bishop’s pueians . 
1011 





SERVICE 


A NEW SERVICE FOR INDUSTRY. To meet 
the ehanging requirements of industry in the 
European Common Market, and free trade zone, 
a large and well established engineering group 
in the London area offers a complete consult- 
ancy service to firms who may be faced with 
increasing development and marketing difficulties. 
Having ourselves been faced with the necessity 
of providing facilities for market research, 
design, development, model shop, tool making, 
type testing, etc., we are able to offer a com- 
plete consultancy service backed by all necessary 
engineering and marketing facilities to assist 
firms requiring it and we work closely with 
American Associates specialising in placing U.S 
patents in this country and can, therefore, help 
in finding new production items. This offer is 
primarily directed towards firms requiring it for 
a limited period in order to find new lines and 
develop them to pilot production stage. The 
total available capacity of this service is esti- 
mated at £250.000 p.a. of which approximately 
£100,000 will become available to firms outside 
the organisation, whatever amounts are required. 
All correspondence will be treated as strictly 
— Principals please write to Box 
2812. 


ATTENUATOR VANES, precision in excelsis, 
from Jencons (Scientific) Ltd., Mark Road, Hemel 
Hempstead. Tel.: Boxmoor 4621. W 2739 


BROXLEA—for reliable sub-contracting services. 
See announcement on page 127. W 2876 


METALWORK. All tvpes cabinets, chassis racks, 
etc., to your own specifications. Phillpot’s Metal 
Works Ltd., Chapman Street, mame 5 





KELVIN AND HUGHES four channel high 
speed pen recorders for sale. New and as new. 
Full details, write Box W 1002. 


GUARANTEED MAGSLIPS at low prices. 3 in. 
Resolver No. 5 (AP 10861), 50v, 50c/s. Unused 
each in tin, 35s. post 2s. id. Large stocks of 
these and other types.—P. B. Crawshay, 94 Pix- 
more Way, Letchworth, Herts. Tel.: 1851. W 321 


MAGSLIPS, SELSYNS and many other items 
connected with automatic and remote control 
mechanisms are marketed by Servo & Electronic 
Sales Ltd. Brochure available on request. See 
our display advertisement on p. 154. W 202 


PANL, recognized for many years as the unique 
one-coat black crackle finish. Brush applied, no 
baking. Available by post in 1/8th pint cans at 
3/9 from G. A. Miller, 255 Nether Street, 
London, N.3. W 327 


PORTAWAY Earthing System for Electrical 
Safety, comprising Earthing Conductors, range 
of Bonding Clamps and Earth Electrodes. Good 
delivery. New brochure available from Porter 
Electrical Products Limited, 2 North Park Road. 
Harrogate. Phone: 3853. W312 


PRECISION WIREWOUND RESISTORS. } and 
4 watt tubular, encapsulated, axial leads. Stability 
001 per cent. ‘lohm to Imegohm. } per cent and 
4 per cent accuracy. G.E. Instruments, 118b 
Station Road, Redhill. Redhill 4918. W 1012 





WELL-KNOWN FIRM of Precision Engineers 
and Instrument Makers (London area) are desir- 
ous of entering into a Licence Agreement or 
purchasing outright. Patents relating to electrical 
and/or mechanical devices of a Precision Instru- 
ment character. or of a consumer goods nature. 
Adequate capital and production facilities are 
available to develop, produce and market suitable 
devices. Communications should be addressed. in 
the first instance, to Major S. F. M. Neill, Louis 
Newmark, Ltd., Croydon, Surrey. W 2172 
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TELEPHONE MANUFACTURING 
COMPANY LIMITED 


This advertisement will interest Electrical Engineers with 
experience of one or more of the following fields: 


LIGHT ELECTROMECHANICAL 
COMPONENTS 


INDUSTRIAL CONTROL EQUIPMENT 


POLARISED RELAYS AND SIMILAR 
POLARISED DEVICES 


Applications are invited from suitably qualified men 
for the following appointments: 


SENIOR DESIGN & DEVELOPMENT 
ENGINEERS—these appointments offer a high degree of free- 
dom for individual initiative and require relevant industrial experience, 
Preferred age group 35-45 years. Commencing salary commensurate 
with age and experience and rising to £1720 per annum. There are good 
prospects for further adv to ial level later. 


JUNIOR DESIGN ENGINEERS—Minimum quaiifi- 
cation Higher National Certificate. Salary according to age and 
experience. 


SALES ENGINEERS—buties will consist of evaluating 
customers requirements by correspondence and personal contact. Previous 
sales experience essential. Minimum qualification Higher National 
Certificate. Salary according to age and experience. 





Write in confidence stating age, qualifications and experience to: 
PERSONNEL MANAGER, 
Telephone Manufacturing Company Limited 
Hollingsworth Woks, Mart2!l Road, West Dulwich, S.E.21 
Telephone: GIPsy Hill 2211 











FERRANTI LIMITED 
WYTHENSHA WE 
MANCHESTER. 


has vacancies in the Laboratories for 
Senior and Junior 


DEVELOPMENT ENGINEERS 


for work on the design and development of 
electro-mechanical instruments for use in Guided 
Weapons. 


The laboratories are housed in a modern building 
which is situated in pleasant surroundings on 
the Cheshire boundary with easy access to rural 
areas. The Company has a Staff Pension Scheme 
and an Assurance Scheme for Dependants. 


The commencing salary will depend on age, 
qualifications and experience. 


Forms of application can be obtained from 
T. J. Lunt, Staff Manager, 


Ferranti Limited, 
Hollinwood, Lanes. 
Please quote reference DBD. 
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PERFORMANCE ASSURANCE WITH 


COSSOR 


PRINTED CIRCUITS 








. 
4 yy 


soso 


jh illness cnaceamnarntactacione 


- 
AN INSTRUMENT RANGE 
IN KIT FORM 


Q. Why has Cossor Instruments decided upon 
this innovation? 

A. To make available a range of first-class 
measuring instruments at a considerable 
saving in cost to the Buyer. 


Are Kit instruments inferior in performance to 
their Factory-built equivalents? 

Certainly not. If assembled and wired 
exactly in accordance with the Manual of 
Instructions, 


A certain skill must, surely, be required to 
build these instruments? 

None beyond the ability to use a small 
soldering iron. 


How can a performance specification be main- 
tained without setting up with test equipment? 
Largely by the use of PRINTED CIRCUITS 
which allow no interference with the layout 
of critical parts of the circuit. 


How many Kit instruments are at present 
available? 

Three. Two Oscilloscopes, a Single-Beam 
and a Double-Beam, and a Valve Voltmeter. 
Others will follow shortly. 





Model 1071K Double Beam Kit Oscilloscope 
List Price £69.0.0 

Hire Purchase Facilities Could I have more information on these 
Trade Terms on Application interesting instruments? 

A. With the greatest of pleasure. Just write to: 

















—_—— — 


CO SSO R INSTRUMENTS LIMITED 


The Instrument Company of the Cossor Group 


COSSOR HOUSE HIGHBURY GROVE - LONDON, N.5 


Telephone : CANonbury 1234 (33 lines) Telegrams : Cossor, Norphone, London Cables : Cossor, London 
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MULLARD 
LIMITED 


are about to make 
several new appointments in their 


SEMICONDUCTOR 
DIVISION 


Due to rapid expansion in the Company’s 
Semiconductor activities, Mullard Limited 
invite applications for the following posts :- 


(A) TECHNICAL/COMMERCIAL 
REPRESENTATIVE (SALES ENGINEERING) 


Applicants should be graduates or equivalent in 
electrical engineering, telecommunications or 
physics, and/or have had successful experience in 
the development and design of electronic equip- 
ment. 


(B) COMMERCIAL REPRESENTATIVE 


Applicants should have had experience as commer- 
cial representatives dealing with executives and 
buyers in the electronic manufacturing industries. 
Experience in or knowledge of the valve or 
component industries would be an advantage. 


(C) HEAD OF THE TECHNICAL OFFICE 


A graduate engineer or equivalent is required to 
take charge of the technical office handling data, 
applicational material, technical correspondence, 
etc. He should preferably have had similar 
experience, or experience in valve or semi- 
conductor measurements. 


(D) HEAD OF COMMERCIAL OFFICE 


An experienced chief clerk is required to take 
charge of a commercial office handling Government 
contract matters, commercial records, etc. 


There will also be vacancies for :— 


(E) TECHNICAL ASSISTANTS 


Technical assistants of at least G.E.C. level are 
required in the Technical Office. 


(F) RECORDS CLERKS 


Experienced Records Clerks are required for the 
Commercial Office. 


(G) SUPPLIES CLERKS 


Experienced Supplies Clerks are required for the 
Supplies Office. 


Applications in writing should be sent to the 
Personnel Officer, 
MULLARD HOUSE, 
TORRINGTON PLACE, LONDON, W.C.I. 


ELECTRONIC ENGINEERING 





FERRANTI LTD. 
WYTHENSHAWE * MANCHESTER 


has a vacancy in the Electronics Laboratories for a 


TECHNICAL ASSISTANT 
preferably of Graduate status. 


The successful applicant will participate in the electrical 
work carried out in the laboratories and will be particularly 
concerned with gas discharge devices. 


The laboratories are housed in a modern building which is 
situated in pleasant surroundings on the Cheshire boundary 
with easy access to rural areas. The Company has a Staff 
Pension Scheme and an Assurance Scheme for Dependants. 
Forms of application can be obtained from T. J. Lunt, 
Staff Manager, Ferranti Ltd., Hollinwood, Lancs. Please 
quote ref. WFG. 








DESIGNERS/DRAUGHTSMEN 


As a result of further expansion, the Aviation Division of 

Ell ott Brothers (London) t imited, borehamwood have the 

follow.ng vacancies .n their Design and Drawing Offices: — 
1. ELECTRONIC DESIGNERS 


2. ELECTRONIC DRAWING OFFICE SECTION 
LEADER 


3. SENIOR ELECTRONIC DRAUGHTSMEN 
4. JUNIOR ELECTRONIC DRAUGHTSMEN 


The work is in the field of Airborne Nav gational Aids and 
is (oth varied and nteresting. Salar es will be paid com- 
mensurate with exper ence anJ qualifi-ations. 
Apply to Personnel Depar:ment (Ref: Aviation Division) 
ELLIOTT BROTHERS (London) LIMITED 
Els‘ree Way, Borehamwood. 











Radio and Allied Industries Ltd. 


have vacancies for a number of 


SENIOR DEVELOPMENT 
ENGINEERS 


for 


FM/AM receiver design and television de- 
velopment for home and export requirements, 
also general electronic development. 


Applicants should have a university degree 

or a few years successful development ex- 

perience. The positions are progressive and 

high salaries are offered to successful 

candidates. Appointment involves member- 

ship of the Company’s pension and life 
assurance schemes. 


Applications should be addressed to the: 


Head of Development, 
Radio and Allied Industries Ltd., 
Wexham Road, Sleugh, Bucks. 
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new research projects at Hollerith 


First-class research jobs for ambitious 
electronics engineers are always arising 
in this fast-expanding company. The 
salaries are excellent—the prospects 
outstanding. 

You may find one of these jobs to your 
liking now. According to your qualifica- 
tions and experience you might fit in 
immediately as a group leader— with 
ample opportunity to develop your own 
ideas within the existing field of work. 


loll laligl Tei ide] allem Ofolaal oli (-s a 





ee 


Promotion with us can be rapid—and is based 
on the results of individual merit and achieve- 
ment alone. 

Every facility for creative research is available 
in our well-equipped, modern laboratories at 
Stevenage. Groups are kept small and their work 
specialisec. The terms and conditions of employ- 
ment are s90d; the positions are pensionable, 
and help with housing can be arranged. 

We are »xlways willing to hear from you. Why 
not write to the Manager, Training and Personnel 
Division, The British Tabulating Machine Co. 
Ltd., 17 Park Lane, London W.1. 
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AN 
EXPANDING 
PROFESSION 


At one time Electrical Engineering was a fairly 
well-defined profession, but so rapidly has it 
developed that, today, an electrical engineer can 
be a specialist in any one of a wide variety of 
related fields. 


The more progressive the organisation the more 
does this apply and in many ways the range of 
its activities is a measure of a Company's power 
and stature in the industrial world of today— 
—and of tomorrow. 


The English Electric Group covers all these fields 
and within the Aircraft Division, as part of a long 
term expansion policy, can be found important 
opportunities for experienced men in:— 


Aircraft Electrical Design 
Electrical Laboratory Engineering 
Technical Authorship—Electrical 
Electronics 
Flight Test Electrical Engineers 
Electrical Systems Engineering 
Project Design Office 
If you are qualified and have sound experience 
in electrical engineering, and would like to take 
up an appointment which gives you the oppor- 
tunity to acquire specialist knowledge and 


experience in any of the above branches of the 
profession, write to:— 


Dept. C.P.S. 336/7 Strand, London, 
W.C.2. 


Quoting reference EE I718A. 


* 
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DO YOU WANT A 


hew job 


In which there will be interesting problems to solve— 
to work in a team engaged on High Precision Instru- 
ments for Missile Engineering? 


If so there are 
DESIGNERS 


vacancies for all DR 
AUGHTSMEN SENIOR @ JUNIOR) 
grades of 


If you have had design experience on the lighter type 
of Mechanical or Electrical Mechanisms have some 
qualification then we shall be pleased to hear from you. 
For further details ring Bramhall 1620, Extension 17, 
INSTRUMENT COMPONENTS, 
or write to Mr. W. Clover, 
Personnel Department, 


A. V. ROE & CO. LIMITED 
Weapons Research Division, Woodford, Cheshire, 
mark letter INSTRUMENT COMPONENTS 
and quote Reference WRD/IC/R.129/E 














SENIOR AND JUNIOR 
SYSTEMS ENGINEERS 


required 


These posts offer excellent scope for candidates with origina- 
lity of thought in the field of Autopilot design, Engine 
Control and other complex systems concerned with auto- 
matic control of civil and military aircraft. 


Senior Engineers should be of degree standard with 
minimum of five years’ experience of servo-mechanism, 
electronic and electromechanical devices. Proven ability 
and considerable experience in a responsible position will be 
accepted in lieu of academic qualifications. 


Junior Engineers should have a degree, H.N.C. or equivalent 
qualifications, together with two or three years’ experience of 
electronic and electromechanical systems. 


Salaries commensurate with qualifications, experience and 
achievement. 


Write for application form to Personnel Manager, 


SMITHS 
AIRCRAFT INSTRUMENTS 


Bishops Cleeve, Nr. Cheltenham 


quoting reference: E.E.6 
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Career opportunities 
in industrial 
electronic control 


A career with a difference awaits you with Britain's 
leading manufacturers of industria/ electronic 
equipment. Be in the forefront of the drive to 
supply industry with the automatic control equip- 
ment for the needs of today — and tomorrow! 


@ APPLICATION ENGINEERS 
@ SALES ENGINEERS 
@ TECHNICAL WRITERS 
at both senior and @ DESIGN ENGINEERS 
junior levels @ DEVELOPMENT ENGINEERS 
@ SERVICE ENGINEERS 
@ TEST ENGINEERS 
@ DRAUGHTSMEN 


Positions 


are available for : 


Apply to Reference FDA at the address below 


Equipment currently produced and under continuing 
development includes; control equipment for electrical 
machines of all types, specialised drives, regulators, 
machine tool controls, servo amplifiers and systems, 
process control equipment, photo-electric equipment, 
resistance welding controls, computer power supplies, 
protective and supervisory equipment and a wide 
range of specialised equipment to meet specific 
industrial requirements. 








Special opportunities for engineers having application 
experience in the industrial electronic control equipment 
field, for customer liaison activities. Applications wel- 
comed from engineers having specialised experience in 
one field, e.g., resistance welding or machine tool control. 








LANCASHIRE DYNAMO ELECTRONIC PRODUCTS LTD 


Stee Owe RUGELEY, STAFFORDSHIRE, ENGLAND 
; Manufacturers of Britain’s widest range of industrial electronic equipment 


EQUIPMENT 


MAY 1958 


A Member of the Lancashire Dynamo Group 
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SPERRY GYROSCOPE CO., LTD 
require 


ELECTRICAL, ELECTRONIC 
& MECHANICAL 
DESIGN AND DEVELOPMENT ENGINEERS 
DRAUGHTSMEN 
. DEVELOPMENT ASSISTANTS 


for vacancies in the design and development of:— 


INDUSTRIAL PROCESS EQUIPMENT 


MARINE NAVIGATIONAL AIDS AND AUTO- 
PILOTS 


AERO INSTRUMENTS AND FLYING 
CONTROLS 


GUIDED WEAPON COMPONENTS AND 
CONTROL SYSTEMS 


Applications, or requests for further information, 
are invited from Engineers and Physicists with an 
Hons. Degree or equivalent for senior and inter- 
mediate level posts and those who have H.N.C. or 
O.N.C. for Assistant and Drawing Office Posts. 
The rewards are hard interesting work and a good 
salary reviewed annually. Posts based at Brent- 
ford, Middx., and Bracknell, Berks., a new town 
where housing is available in approved cases. 


Write in confidence to Mr. R. W. H. Lubbock, B.Sc., 
SPERRY GYROSCOPE CO. LTD., Bracknell, 
Berks. 








SENIOR & JUNIOR 


Electronic & Instrument Engineers 


required by 
expanding Division of 


ELLICTT BROS. (LONDON) LTD. 


These posts involve responsibility for design of a wide 
variety of instruments and process control systems 
using analogue and digital techniques. They offer 
rewarding and progressive salaries and valuable 
experience in the field of industrial electronics. Pension 
Scheme. Please write fully to Personnel Officer, 
Century Works, Conington Road, Lewisham, S.E.13. 








A. V. ROE & CO. LIMITED 
WEAPONS RESEARCH DIVISION 
(Guided Missiles) 
WOODFORD, CHESHIRE 
TRIALS DEPARTMENT 


require three 


ELECTRONIC TECHNICIANS 


to take charge of technical teams working on Guided Missiles. 
Applicants should be prepared to work for short periods in Australia. 
Qualifications : H.N.C. or equivalent, and some relevant experience. 


Applications to Personnel Manager, 
A. V. ROE & CO. LIMITED 
Greengate, Middleton, Manchester. 
quoting reference WR D/BSB/R.130/E 
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WEAPONS RESEARCH DIVISION 


(Guided Missiles) 
WOODFORD, CHESHIRE 


* 
: A. V. ROE & CO., LIMITED 


require 


SENIOR DEVELOPMENT ENGINEERS 


in their 


Instrument Component Engineering Department for leading a team 
of Engineers in 


1. The Development of precision measuring instruments for 
use in connection with Autopilots and Inertia Navigators. 


x 
6 
; 
2. The development of electrical and electronic equipment in : 
; 
x 
x 
f 
R 
R 
K 
R 
R 
% 


Gear. 


Candidates for the above two posts should possess an 
Honours Degree or equivalent, together with a number of 
years’ experience in the appropriate or allied fields. 

The Division is situated within easy reach of Manchester and 
the Derbyshire hills, and the Company provides excellent 
canteen facilities and a superannuation scheme. 


Applications to: The Chief Engineer, 
A. V. ROE & CO. LIMITED, 


Weapons Research Division, 
Woodford, Cheshire. 


Quoting Reference RHF/WRD/R.112/E. 
ERNE NE NE NE NE NE NE NE NE NC NE ME NE He He Ne CNM 


| association with Stable Platforms and Gyroscopic Test 
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FERRANTI LIMITED, EDINBURGH 


require an 


EXPERIENCED 
ELECTRONIC ENGINEER 


to undertake original work in connection with trials of high power 
microwave transmitting valves. Good facilities for the construction of 
specialised electronic equip are available; the work could consist 
of —1. Design of equipment for specific test purposes, 2. Construction 
of high power supplies, including pulse modulators. 3. Supervision and 

i quip in service. The post offers good prospects 
to an energetic man capable of applying original ideas to the problems 
involved, and also an opportunity to gain experience in the design and 
application of high. power microwave valves. An appropriate salary will 

paid and there is a staff pension scheme in operation. Applications 
should be addressed to:- 


The Personne! Officer, 
Ferranti Limited, 
Ferry Road, Edinburgh, 5, 
quoting Ref. EE/VL/23. 

















ELECTRICAL ENGINEERS 


An appointment is to be made to a Gyro Research Team of 
a qualified Electrical Engineer with experience in the design 
and development of small or miniature electromagnetic 
components such as synchronous motors, torque motors, 
and signal generators. Experience in the design of electronic 
test equipment would be an advantage. 


The work will involve using the most modern material and 
techniques in the design and development of precision 
electromechanical devices, and their application to miniature 
gyroscopes and similar instruments. 


Please write to the Personnel Manager (Ref: 689), ELLIOTT 
BROTHERS (LONDON) LIMITED, Borehamwood, Herts. 
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—SOLARTRON— 


Senior Electronic Engineers 
RADAR SIMULATOR. 


World demand for the Solartron Radar Simulator offers opportunities to out- 
standing Senior Engineers: 


(a) to lead a project team engaged on technique and system design and 
development. 


b) to be responsible for customer liaison for design and quotation purposes. 
This will entail working closely with Project Leaders and interpreting their 
designs and specifications in lucid form to the customer. 


Applicants should have experience in leadership and proven ability in design work 
of an advanced nature in any of the following fields—video circuitry, D.C. and A.C. 
Servos, Switching Circuits, Radar or similar systems. 


The location of these appointments will be Farnborough, Hants. 


Chief Electronic Engineer 
SOLARTRON-RHEEM 


We are seeking an outstanding chief electronic engineer with wide experience in 
leading research and development teams. 


Initial activities include direction of some of the development activities of Solartron 
Electronic Business Machines Ltd., in particular co-ordination of development of 
products suitable for world markets under the sponsorship of Solartron Rheem 
Ltd., a company organised to provide joint U.K./U.S.A. sponsorship. Projects 
include specialised applications of analogue and digital techniques and character 
recognition. 


This opportunity calls for considerable experience in the electronic data processing 
field in the broadest sense. Applicants should have a thorough knowledge of basic 
physical theory in the electronic, optical and mechanical fields, and mathematical 
ability either in the field of analysis and transforms or of logical algebra. Proven 
ability in making an original contribution to the conception and design of new 
products and in electronic circuit design is essential. 


To a man already earning at least £2,000 per annum this appointment offers 
unusual scope, and in due course, the opportunity to play a leading part in making 
policy decisions. 


Apply to: Group Personnel Officer, 


THE SOLARTRON 
ELECTRONIC GROUP LIMITED 


Thames Ditton, Surrey 
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FERRANTI (LIMITED, EDINBURGH 
— - applications for the following Staff appointments in their Trials 


1. FIELD TRIAL ENGINEERS to lead small teams y= * will be 
on field evaluation trials of an experimental CW radar 
installation. 


2. FIELD TRIAL ENGINEERS to join a team engaged in the field 
trials of experimental airborne radar and fire control systems. 


3. LIAISON ENGINEER to assist in the introduction of fire control 
systems to aircraft manufacturers and the services. 


For posts 1 and 2 applicants should Dossess Higher National Certificate 
in Electrical or Electronic Engi ing or and have 
had at least 3 years experience in radar systems. 

For post 3 applicants should possess a Higher National Certificate or 
equivalent and have had at least 3 years experience in gyro instruments 
and ics. A junior Naval or Air Force Technical Officer might 
suit. Although primarily based at Edinburgh these posts will require 
applicants “ travel — the United Kingdom. Please send full 
particulars of experience and qualifications to the — 


PERSONNEL OFFICER, FERRANTI LTD., FERRY ROAD, 
EDINBURGH, 5,—quoting ref. TID/23 














A well established and prosperous 


PUBLIC COMPANY 


well known in the electronic world wishes to 
expand the scope of its activities and 


IS PREPARED TO 
ACQUIRE THE SHARE 
CAPITAL 


of a substantial profit-earning concern in the 

electrical and electronic industry. Located in 

Greater London area, Home or Southern 

Counties. The arrangements envisaged would 
safeguard 


AND RETAIN THE 
_ EXISTING MANAGEMENT 


on a salary and profits basis secured by 
contracts of service. Write Box A.181 


C/O STREETS, IIO OLD BROAD ST. E.C.2. 











THE MIDDLETON TOOL & ENG C° I" 


ALEXANDRA RI PONDERS END mIDDs 
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FOR GROWING INDUSTRIES 


Is your factory old, inconvenient, too 
small, its lease running out? 

Are you short of workers, and are those 
you have badly housed, tired of long 
journeys and loss of time whenever there 
is a traffic hold-up? 


HAVERHILL or THETFORD 


SUFFOLK NORFOLK 


OFFER YOU 


® SITES for FACTORIES with all services 
® NEW HOUSES for your workers 


® LABOUR available through a selective 
recruitment scheme 


WHAT ARE YOUR DIFFICULTIES? 


Disposing of your existing premises? Lack of suf- 
ficient capital for new building? 


PERHAPS WE CAN HELP 
OR ADVISE YOU! 


The London County Council in co-operation 
with these towns has set up an Industrial 
Centre at the County Hall, S.E./, to deal with 
London industrialists. Write (ref. VA G/5) or 
telephone for more information or an appoint- Se eae 
ment—WATerloo 5000, Extension 7494 and . 
7595. 





THETFORD 
. 
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DENMARK . BROEL 


-BRUEL & KIZAR . DENMARK .BROEL & KIAR. 
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DENMARK .BRUEL & KJIAR . DENMARK 


BRUEL & KJIAR. 


TRUMENTS FOR RESEARCH AND PRODUCT 


5 6 


With the combination 


MEGOHMMETER 


and High Tension Accessory Type 3423 it is possib': to measure insulation 


resistances up to 


TYPE 2423 


100 Million Megohms 


Due to the principle of operation, which is that of a d.c. amplifier, not only 


insulation resistances 


but d.c. voltages 


The Megohmmeter Type 2423 contains a mains derived stabilized voltage supply of 10 and 100 Volts, for the measurement 


and extremely small d.c. currents 


can also be measured 

















of insulation resistances up to 10'* ohms. 


The High Tension Accessory Type 3423 contains 34 batteries of the type normally used in hearing aids, i.e. with a 


voltage of 30 Volts each. 


This Accessory thus extends the 
measuring range of the Megohm- 
meter to measurements of insula- 
tion resistance values as high as 
10 ohms at a test voltage of 
1 000 Volts. 


To avoid the undesirable effects 
of leakage currents at high test 
voltages the use of a guard-ring 
is recommended. An example of 
a measuring system which can 


be employed is shown above. 




















Measuring ranges for the Meg- 
ohmmeter Type 2423 with the 
High Tension Accessory Type 
3423: 





To enable a quick charging of 
high-capacity cables or capacitors 
the terminals marked ‘‘Key | V"’ 
can be short-circuited. The charg- 
ing time will then be determined 
exclusively by the time constant 


of the test-object itself. 





Resistance Measurements: 
0.1 MQ to 100 000 000 M2 
Voltage Measurements (Full! scale deflee- 
tion): 
1 Volt to | 000 Volts 
Current Measurements (Full scale deflec- 
tion): 
10-* to 10-* Amperes 
Input Impedance: 
100 MQ across terminals marked 
**Volts”’ 
With range selector in position “| V Key’ 
the input impedance across the terminals 
marked “‘Key | V"" is | 000 MQ. 











yxvrnx? 
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Adr.: NARUM, DENMARK - Telepn.: NARUM s0U90U Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 59 Union Street, LONDON S. E. I. 
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Prompt 


Miniature high speed 


d e I i ve ry sealed relay 
of 
your 


RELAY 


needs... 





High speed relay 








Relay for use in high voltage 
and high frequency circuits 








The versatility of the telephone type 

relay has led to its widespread use outside 
the telephone industry. Our Woolwich 
Works developed the original BPO 3000 type 
relay which has since won world renown. 
With unrivalled experience in the design of 
relays for a wide variety of special 
applications, our engineers can give SIEMENS EDISON SWAN LTD 
individual attention to problems in this field. An A.E.1. Company 

Prototypes can be delivered Woolwich, London S.E.18 

almost immediately, with bulk supplies Telephone: Woolwich. 2020 Extn. 621 
following in quick succession. 
We would welcome your enquiries. 
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A revolution in Oscillographs 

The Mingograph 230B permits direct 

recordings to be obtained of approximately 

ten times greater frequency range than has previously 
been possible. It is an outstanding 

advance ir the field of scientific and 


industrial measuring instruments. 


MINGOGRAPH BBE 


tod 




















































































































SIEREX LTD 


241 Tottenham Court Road, London W! 
Telephone No. Langham 2464 
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“MULTICON’’ PLUGS AND SOCKETS 


The full range consists of 2, 4, 6, 8, 10, 12, 18, 
24 and 33-pole sizes. Illustrated is the 24-pole size. 


Working voltage: 1,000 voits D.C. or A.C. (peak) or 
500 voits D.C. or A.C. (peak) in tropical use. 


Current rating: 5 amps. D.C. or A.C. (R.M.S.) per contact. 
Average contact resistance: below 0'002 ohms. 


Metal fianges moulded into the body to 
ensure flush mounting and to avoid 
alignment difficulties. 


Terminal numbering moulded into plug 
and socket bodies to facilitate wiring 
and cablieform testing. 


Single-piece nylon-filled body 
mouldings provide high insulation and 
tracking resistance. 


Large pin locator contact facilitates 
engagement, especially in unitor appli- 
cations. 


Optional vibration-proof retaining 
biades to secure the unit to pane! or 
chassis. 


Four distance pips keep mating faces 
apart and eliminate moisture traps 
between plug and socket faces. 


Socket clips have split limbs with four 
areas in contact with each plug biade 
ensuring absolute reliability of contact. 


Earthing of plug or socket ‘covers is 
achieved by either: 


internal connecting link from a contact 
to cover, OR 


rivetted earth tag to outside of cover. 


British Patent 700999 


24 POLE PLUG 
AND SOCKET 


Write for full catalogue from 


ss Painton&Co. Ltd. 


seen fant KINGSTHORPE NORTHAMPTON 
Tel: 32354-5-6 Telegrams: ‘Ceil, Northampton’ 
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NOISE TUBE 


Noise Power excluding image 
frequency contribution 


Operating Current 
Overall Length 


Base Diameter 











FERRANTI 





FERRANTI LTD.- FERRY ROAD: EDINBURGH 5 Tel. Granton 89181 


ES/T38 
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ELECTRONIC 


ENGINEERING 


High Precision 
Oscillograph Tube 
OBKPI 


Quantity production of the SBKP1 by ETEL is 
making it an economic proposition for more 
designers to incorporate a high precision 
oscillograph tube in a wider range of applications 
than has previously been possible. 
This five-inch tube employs a two-stage distributed 
post deflection accelerator. High P.D.A. ratios 
may be used, and the distortions caused in normal 
P.D.A. systems largely eliminated, with consequent 
advantages in brightness and deflection sensitivity. 
With a P.D.A. ratio of 54:1 the maximum pattern 
distortion is 2% and the maximum deviation 
from deflection linearity is 2%. 

As can be seen from the adjacent data, the 5BKP1, 
with its high sensitivity and low plate input capacitances 
is specially suitable for wide-bandwidth oscillography. 

Full data is available on request. 


Abridged data 
Screen Metal backed P1 green fluorescent medium persistence. 
Other screens available to order. 
Heater Vh = 6.3V e Ih = 0.55A 
Capacitances x' to x’. . 2.3pF e y' to y' 


One x plate to all other e doctvode s less other x os ite 5.601 oF 
One y plate to all other electrodes less other y plate 1.65pF 


Typical — 

eae RN che iss 
SS Freres  - = ee 
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eee if 
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ETEL 
Cathode Ray Tubes 


ELECTRONIC TUBES LIMITED 
Kingsmead Works, High Wycombe, Bucks - Telephone : High Wycombe 2020 
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the 


Rivlin 






























































A RANGE 
COVERING EVERY 
REQUIREMENT 
PLUS 

SPECIAL TYPES 
TO YOUR 
PARTICULAR 
NEED 





The Rivlin range of eight precision wirewound resistors, 
from $w to 3w, now covers most normal requirements. 
Additionally special types, higher ratings and American 
equivalents can be supplied to order. Skilled design 
and the highest standards of craftsmanship in production 
combine to give Rivlin their firm reputation for making 
precision resistors that are without equal. Add to these 
the fact that the name Rivlin is a byword for personal 
service and quick delivery, and you have the reason for 
which Rivlin describe themselves and their products as 


‘the OHM of Reliability’. 


REV LENE crccision 


RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD, CAMBERLEY, SURREY 
Telephone: CAMBERLEY 2507/8 

London Office: Tel. Swiss Cettage 3038 
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Range 


of 














Eight 





Accuracy up to +0.1 per cent or +0.0! 
(2 whichever is the greater. 


All values available in the range 0.1 Q 
to 3 Megohms with a temperature 
coefficient of 0.002 per cent °C. 


Standard ratings: 4W, 4W, 4W, IW, 
IW, 2W. and 3W. 


Low-Inductance windings available in 


most sizes 


RIVLIN— 
The OHM of Reliability 


Sh 


WIREWOUND RESISTORS 


INSTRUMENTS LIMITED ] 
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MUTUAL & SELF INDUCTANCE BRIDGE 


Designed for the accurate measurement of either mutual or self 
inductance and resistance in the range 0-00luH to 30mH and 
10012 to 3000 respectively. 

All measurements are made in the form of a four-terminal 
network and inductance and resistance of leads and clips are not 
included in the measurement. 

Accuracy within + 1% frequency 1592c/s (w = 10 000) 

Full technical information on this and other ‘ Cintel’ Bridges is 
available on request. 





CINEMA 








A COMPANY wiTHIiIN THE RAN K RGANISATION LIMItTteod 


WORSLEY BRIDGE ROAD + LONDON -:_ S.E.26 
HITHER GREEN 4600 


SALES AND SERVICING AGENTS: 

Hawnt & Co. Led., 59 Moor St., Birmingham 4 

Atkins, Robertson & Whiteford Led., Industrial Estate, Thornliebank, Glasgow 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester 16 
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RIMAR 618 


TRIPLE DIODE TRIODE 


The Brimar 6T8 is a tripic-diode-triode in which one diode has 
a separate cathode. The triode section has a high amplification 
factor making the valve suitable for use in AM/FM receivers in the 
demodulation and first stage audio circuits. The diodes may be 
used in series shunt limiter circuits, for example, in the audio 
sections of television and communications receivers, followed again 


by the triode section for A.F. amplification. 


w 


- 


u 


Near 
Equivalents 
EABC80 
DH7I9 
6AK8 


t 
' 
5 
4 
a 
3 
3 
° 
z 


n 


100 200 300 400 
ANODE VOLTAGE—Va 


Typical Triode Operating Characteristics 
Cut this out for further reference or as an R.C. coupled amplifier. 


write to the Publicity Department at Heater Voltage , ba : a 6.3 volts 
Heater Current... ; - me 0.45 amp. 
Anode Supply Voltage _ si ad an 250 volts 
Anode Load Resistor ed a om sso. 0.25 megohms 
Grid Resistor aos ~ ah sed nt 10 megohms 
Cathode Bias Resistor roe ~— eu ox 0 kilohms 
Peak Output Voltage an a ve doa 40 volts 

Stage Gain (for 24 V peak to peak output) ae 42 
Distortion (for 24 V peak to peak output) = 5% 


Standard Telephones and Cables Limited 


Regd. Office : Connaught House, 63, Aldwych, London, W.C.2 


FOOTSCRAY - SIDCUP -+- KENT + FOOtscray 3333 


Footscray for a data sheet. 
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Your best move... 


. .» when any problem appears on the board any problem is started on, the better the chance 
is to check with Brayhead. Whether your of avoiding a stalemate—be it production, 
business is pressing (sorry!), components or design or research; so move to B (Brayhead) 
springs, Brayhead can help you. The earlier and let them solve it for you ! 


BRAY HEAD  (ascor) trp. 


FULL VIEW WORKS + KENNEL RIDE « ASCOT + BERKS 
Telephone: Winkfield Row 427/8 o: Ascot 1907/8/9 : Telegrams: Brayhead Ascot 
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a test of 
accuracy... 


AMOS of Exeter Limited have long been well- 
known for their design and prototype develop- 
ment work on special transformers. This new 
range of test instruments, developed and manu- 
factured to rigid specifications, provide accurate 
answers to vital circuitry testing on the bench 
and for outside service work. 


The Model 140 Transistorised D.C. Voltmeter is 
an entirely new class of instrument, incompar- 
able with any conventional meter. it combines 
the high impedance input and minute current 
consumption characteristics of the valve volt- 
meter with a useful range of measurement 


MODEL I40 TRANSISTORISED D.C. VOLTMETER extending from 58 mV to 20,588 volts. 
Sia best is said mccntilid hia ath ate Modal it is the most complete and versatile D.C. voit- 
x ic voltag ranges are provicec, extence y e pus utton to . 
eleven ranges. The first four basic ranges, that is up to and including 1000v, meter commercially available, is fully portable, 
have a sensitivity equivalent to 150,000 Ohms per volt while the additional independent of mains supply and more robust 
~~~ ae in by the push button have double this sensitivity (300,000 ohms in construction than the conventions! valve 
operated electronic meter. 
VOLTAGE RANGES Current drawn - 
at F.S.D. 

Range |* 

! 


INPUT RESISTANCE. 

Range |. 150,000 ohm Range 3 > MEG. ohn Range 5. ‘200 MEG. ohm 
2. 1.5 MEG. ohms 4. 150 MEG. ohms. 6. 200 MEG. ohms. 

ACCURACY : Better than 2% of all ranges 

ACCURACY OF INBUILT REFERENCE VOLTAGE: /|%. 

STABILITY : Dependent on temperature variations but does not exceed 1% 

under benct tior ver a period of 2 hours Correction by means of 

calidDration contr 

ZERO DRIFT: N 

OVERLOAD: Th« 

overload 

A calibratior trol provides for the instrument being adjusted to the inbuilt 

reference vol . t which the meter brated t an accuracy of | 

The instrument is presented ir tee ase, attractively finished in ‘hammerglow 

green 


Centre Zer a 
Galvanometer are 


MODEL 156 A.F. OUTPUT METER 


A versatile high quality instrument suitable for the measurement of power 
output in radio and television receivers and high fidelity record reproducers, 
for the examination of frequency response in audio systems. 


= RANGES: |OmW., !00mW., | watt. and 10 watts., also calibrated 
in dBs. 


FREQUENCY RESPONSE 10 cps — 20KC/s + .5dB. 
The 10 watt input matching trasformer of grain oriented material together with 


non-inductive precision load resistors, provide matching to inputs of 
3 ohms, 5 ohms, 7.5 ohms, 15 ohms and 600 ohms. 


Full technical details and prices available from sole distributors 


sO U Oey D RIT ha LIMITED, 82-83 New Bond Street, London, WI 


Agents for: Conada (Mechron Eng. Prod. Ltd.), Denmark (Ditz Schweitzer), Italy (Teleomnia S.R.L.), India (Damodar Maniar), New Zealand (W. G. Leatham Ltd.). 
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QUALITY Cached by experience 


INSTRUMENT CASES 


Attractively constructed of seam 
welded steel, these strong instrument 
cases are well ventilated and stove 
enamel finished in various colours. 
Available in four standard sizes or 
to your own specification. 


HANDLES 


Made in standard range (4 in., 6 in., 
8 in. and 10 in. centres). A wide 
variety of other sizes can be made 
to special order. 


AMP-CHECKS 


Invaluable device designed to facili- 
tate current measurements. Installed 
in series with an electrical (or 
electronic) circuit to all points where 
measurements or checks are required 
without open circuiting. 


Other products include 
PULSE GENERATORS Metal components available to cus- 


tomers’ specification and small or 


CAPACITY COMPARATORS batch quantities undertaken. 
TAPE RECORDERS Experienced in research projects 


and prototype construction. 


STABILISED POWER SUPPLIES SUB-CONTRACTORS for sheet metal 
' PHOTOCELL AMPLIFIERS OF SoD AOE WeENG. 


AID and ARB approved. 





PHILLIPS & BONSON LTD 


Enquiries to: POND WORKS 8 MILLFIELDS ROAD HACKNEY LONDON E5 Telephone : AMHerst 4331 
Reg. Offices : IMPERIAL HOUSE DOMINION ST. MOORGATE LONDON EC2_ Telephone : MONarch 5481-5 
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INDUCTIV 
—}—}- +500 
2Ke | 
= +4 Impedance of Feedback Circuit 
... dllustrates ability of the 
ge iz +300 —“¥-5 Ke Z-Y Bridge to measure any 
o : ek vee Re \ impedance ; quadrature 
| 1OKe components may be positive 
+ t o +100 SOR or negative, real or imaginary. 
* NEGATIVE RESISTANCE POSITIVE RESISTANCE - 
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Measures 
Any Impedance... 


e From O to OO ohms 
e Positive or Negative 
e At Any Phase Angle 





e Over 20-cps to 20-kc Range Impedance and Admittance Range 
R: + 1000 ohms G: + 1000 ,.mhos 
j X: + 1000 ohms B: + 1000 ,.mhos 
The General Radio Z-Y Bridge measures impedances from short circuit Accuracy 
to open circuit, at small or large phase angle. Quadrature components, Ror G: +(I (2 ohm or 2 ,,mho) ) 


XorsB: -(1 (2f. ohm or 2f ,,mho) ) 
f t 
f is operating frequency, f_ is frequency setting 


R & X or G & B, are measured directly at calibrated 100c, l-kc, and 10-ke 
bridge positions. Basic accuracy is 1°, over most of this range. 


The ability to measure impedances of any magnitude accurately with one of panel selector switch 
instrument is an extremely valuable asset in many measurement situations. Impedances of less than 1000 or (100 ,,mhos) 
The Z-Y Bridge can be used for measuring conductivity of liquids, in dielec- can be measured on “Initial Balance” dials with 
L- callie a0 gendily as it can be used for R-L-C co ment ats es i considerably greater accuracy— 
tric Celis aS readily as it can used for K-L-C cc mpc nen measuremen Ss in RorG: -(I (0.2 ohm or 0.2 ,,mho) ) 
the laboratory or production-test department. It will measure open-circuit X or B: +(I (0.2f. ohm or 0.2f ,,.mho) ) 
and short-circuit transformer parameters . . . impedances of batteries and f f 
electrolytic capacitors . . . characteristics of audio-transmission networks .. . Frequency Range—20 cycles to 20 ke 
impedance of electro-acoustic transducers ...Q and resonant frequency Maximum Applied Voltage 
£ chokes pay denems oof Ceatbadk 1 eet ethos aul ox 130 volts, rms on bridge; 
of chokes . . . and impedances of feedback loops, since negative real par- lous than Sv Gn watnern 
ameters can be directly measured. ; Accessories Recommended 
The Bridge also can be used to determine cable-fault locations and “G.R.” Type 1210-B Unit R-C Oscillator and 
circular-are plots of liquids or solids having lossy polarizations in the audio- “G.R.” Type 1212-A Unit Null Detector 
frequency range. These are but a few of the countless applications for this Accessories Supplied 
unique and versatile device. You name it — this Z-Y bridge can probably 2 Shielded Cables for generator and detector 


measure it Dimensions—1|24” x 135° x 84” 


; ; . « - Net Weight—2!+ Ibs. 
For complete information request a copy of the current “G.R. 
Catalogue ““O”’ (258 pages), where data is given on pages 34/35. Type 1603-A Z-Y Bridge £222 








76 Oldhall Street Liverpool 3, Lancs. 
Telephone: Central 4641/2 


Valley Works, Ware Road, Hoddesdon, Herts. 
Telephone: HODdesdon 3007-8-9 
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WRITE OR SEND THE COUPON TODAY 
Honeywell-Brown Ltd, Wadsworth Road, Perivale, Middlesex. 


pooo ornare 


Please send items ticked = 


Catalogue 62A —General Purpose Switches 
Catalogue 74— V3 Switches 

Catalogue 75— Sub Miniature Switches 
Catalogue 83— Industrial Enclosed Switches 
Aircraft Switch Data Sheets 


NAME 
APPOINTMENT 


ADDRESS 


Expert engineering service available from offices in the prin- 
cipal cities of the United Kingdom and throughout the world. 


eG er re re es ee ee ee ee 
ee ee ee ee ee ee ee ee ee ee! 
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The new Vickers Viscount... the latest 
Hoover Washing Machine/Spin Dryer... 
Honeywell Micro Switches are installed 
wherever dependability is vital. 

And they offer dependability plus... 

plus top precision, plus unique mechanical and 
electrical versatility. Honeywell’s wide range 
offers users all the advantages of 

Micro Switches designed and manufactured 


to meet the most exacting requirements. 


Exhaustive climatic and endurance tests 

were passed — easily — by Honeywell Micro Switches 
before they were specified for the undercarriage 

of the new Vickers Viscount. 

The tests showed that the switches would 

withstand propeller slipstream, runway spray, 

and extremes of temperature, pressure, and humidity. 


Minimum plunger movement... ultra small size 


...& Honeywell Micro Switch meets all requirements 
of the motor controlling the Hoovermatic Spin Dryer. 
The Switch automatically switches off the motor 
when the lid is opened during the drying cycle. 


H Honeywell 
Fiat we Miow Qwitthe- 








NAGARD OSCILLOSCOPES 
AND PULSE GENERATORS 


are chosen by those who need accuracy with versatility in 
their aids for the exacting research of today and tomorrow. 


AIRCRAFT - AUTOMATION - BALLISTICS - 
COMPUTERS - HYDRAULICS - MEDICAL 
AND PHYSIOLOGICAL . SERVO WORK - 
TELECOMMS . TELEMETRY ° 
TRANSISTORS VIBRATION - ZETA 


From A to Z in up-to-date laboratories NAGARD is contributing 
to important advances in knowledge. 











Used at Harwell for ZETA—DE103A C.R.O. with rise time of 
0.035 yssec. Two equal and accurately comparable channels which 
do not interact. 


MOST VERSATILE—DT103 C.R.O. for frequencies from D.C. 
to 100 Kc/s unique in having two equal channels each with 
sensitivity of Icm/2504%V and sweep times from 25 seconds to 
40 secs accurate within 2 per cent. 


NEW MODEL J103 designed for accurate transducer work over 
frequency range D.C. to 1 Mc/s with sensitivity of Icm/ImV. 


FOUR CHANNEL C.R. DISPLAYS are available by using the 
UNITEL modular system of instruments in co-operative 
assemblies. 

The high sensitivity characteristics of the NAGARD D.C. 
AMPLIFIERS are available up to 2 Mc/s enabling the use of a 
wide variety of transducer equipment. 











SQUARE PULSE GENERATORS—Models 5001 and 5002. An 
exceptionally wide range of 10,000,000 to | in variation of pulse 
width and delay is covered with an internal rate generator up to 
1 Mc/s and accurate output potentials from 20mV to SOV. 

A rise time of 10 mysec is consistently available over the lower 
voltage ranges. Model 5001 has a single pulse output—Model 
5002 produces two consecutive pulses. 











PROCESS TIME CONTROLLERS—tThese are available in five 
ranges covering 11, 55 or 110 seconds and 5 or 10 minutes, each 
range is divided into 100 steps and is calibrated within 2 per cent. 
Stabilised against mains variations. 

Accurate for the laboratory—Reliable for industrial control— 
Versatile for many timing operations. 





Progress 

Responsive to the rapidly advancing needs of our customers, we have ourselves 
built and equipped a new development laboratory, where intensive work is going on to 
perfect instruments of the most advanced design. 


Our factory has been reorganised and enlarged to produce them. 





Examples of some of these new instruments can be seen at the Physical Society and 1.E.A. 
Exhibitions. 


NACAR] = 


mmm er ViGilant 9161-2. 











Process TIME CONTROLLERS 
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io oc ket size soe Tate sturdy mutti-venge test meter is 


remarkable for the wide range of test 


OQ facilities which have been so neatly 
incorporated. Full advantage has been 
taken of printed resistor techniques 
to produce a compact instrument of 
low weight. 

4 








i Composite printed resistors 
Printed resistance panel e | or 
Pos universal meter shunt. and auxiliary sw! 














, i imilar to 
ter movement 's Robust range switch simi 
mene é cms that used in the famous Avo- 
enclosed to giv . | mus Avo 
protection against Meter. Eighteen fixed iver 
the infiltration plated contacts embedded in 
, ing of high-grade moulding 
of dust ring ni 
material are swept by a double 
contact rotor arm. 








Regd. Trade Mark. 
Size: 5§ x 3§ x 1§ inches. 
Weight: | Ib. approx. 


D.C. Voltage Ranges: 0-1 ,000 V. Sensitivity: 
10,0002/V on D.C. voltage ranges. 
A.C. Voltage Ranges: 0-1,000 V. 1,0002/V on A.C. voltage ranges. 
3c of fall | ! D.C 
¥, of full scale value on D.C. 
D.C. Current Ranges: 0-1A 4°, of full scale value on A.C. 


h For a small additional charge, instruments 
Resistance Ranges: 0-20,0000. cam be supplied to a higher degree of 


0-2Ma. accuracy. 








List Price: 


THE 19 Ranges - Single Knob Control : £9:10s. 


Complete with test leads and clips. 
© Write for fully descriptive leaflet. ne Sie oo teams 


AVO Ltd. AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.!. 
ViCtoria 3404 (9 lines) 
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Illustrated is the HM_ ro. Helical 
Membrane Cable, which has a 
power handling capacity of 20kW 
at 100 Mc/s. 


Many well known companies in the field of electronics 
have turned to Telcon for advice on the all important 
applications of Cables for Telecommunications. 

The knowledge and experience of Telcon staff — 
scientists, research engineers, chemists, cable designers 
and technicians, which has been gained in all parts of 
the world, is always at the service of cable users and 
equipment designers. 

The Telcon Contracts Department is organised to 
supervise or undertake the installation of any of the 
more highly specialised types of cable manufactured. 
Its services are particularly valuable in cases where 
unfamiliar techniques are involved. 


L 


Coaxial and balanced pair cables for telephonic com- 
munications are in standard production, as well as very 
low loss Helical Membrane Cables, for Multi-channel 
Radio links and Television Transmitting Feeders, etc. 

You are welcome to full details and specifications 
of any of these types. When writing please quote 
reference EE. 





TELCON CABLES 


jZ2S 8 THE TELEGRAPH CONSTRUCTION 
» \ 


AND MAINTENANCE Co. LTD. 


Enquiries to:— Sales Division, Mercury House, 
Theobald’s Road, London, W.C.1. Telephone: Holborn 8711 


Branches at: Cardiff, Dudley, Manchester, Newcastle, Nottingham. 


An Audio Frequency Cable for local distribution 
purposes. These types can be installed under- 
ground, overhead or underwater, as required 
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This completely new 


ELAPSED TIME METER 


will save you time and money 


It will give you— 
Operating times 
Shut-down periods 
Total operating life of machines or tools 


Correct times for inspecting and servic- 
ing machines 


These ELAPSED TIME METERS are designed to record 
the length of time that an electrical circuit or machine 
has been running. 

Modern industrial methods require that a record be 
kept of the length of time machinery and electronic 
equipment is used in order that proper servicing and 
maintenance is carried out and component life deter- 
mined. The new ELAPSED TIME METER is ideal for 
this purpose. 


This ELAPSED TIME METER is one of a series of completely 
new electro-magnetic counters now in production. 


ounting 
nstruments Ltd 


COUNTING INSTRUMENTS LTD. 


5 ELSTREE WAY, BOREHAM WOOD, HERTS. 
Telephone: ELStree 1382 (4 lines) 
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Top level 
achievement 


nUHF 


equipment 


That both the Royal Navy and the Royal Air Force have already 
accepted UHF by Plessey as standard equipment, bespeaks well 
its advanced conception and practicability. It has been adopted 
as standard equipment by the British Services for ground-to-air 
and ship-to-air communications and is now in large scale 
production. In addition it can be used for point-to-point, 
ship-to-ship, and ship-to-shore working. 

This new UHF radio telephone communication equipment 
provides 1750 channels in the range 225/399-9 Mc/s and is 
available in single or multi-channel versions for Air Force 
ground stations and in special cabinets for ship fitting. 

An outstanding feature of this system is that many of its 
sub-units are common to, and interchangeable with, 

several versions of the equipment. This Plessey UHF equipment 
will operate with any standard UHF Airborne sets currently in 
use or envisaged for NATO Forces. 

Remote control facilities can be 

provided for either land or shipborne use. 


i a Ny a 
Ph ost eee 
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The Ferranti Mercury Computer, an immensely 
powerful machine of enormous capacity, is excep- 
tionally fast and provides facilities for the most 
advanced techniques of programming. Among many 
interesting features of this machine is the use of 
printed circuits produced from BAKELITE Copper- 
Clad Laminated Materials. Used in front to back 
inter-connected panels and for mounting special 
pieces of equipment in various parts of the Computer, 
they reduce the bulk of these assemblies, thus helping 
to keep down the overall size of the Computer. 
Reliability provided by printed circuits is of prime 


BAKELITE LIMITED 


#F°Go 


12-18 GROSVENOR GARDENS -LONDON SWI - SLOane 0898 


ELECTRONIC ENGINEERING 


importance and their use eliminates the possibility 
of faulty wiring, thus making servicing and maintenance 
very much simpler. 

Today printed circuits on BAKELITE Copper-Clad 
Laminated Materials, either rigid or flexible, are finding 
new applications throughout the Radio and Electronics 
industries. They allow more freedom and precision to 
the designer, reduce production time and costs for the 
manufacturer, and give the customer a lighter, more 
compact and reliable instrument. 

Write today for a copy of “Copper-Clad BAKELITE 
Laminated for Printed Circuits”. 





Bakelite Limited manufacture an extensive range 
of plastics materials and maintain a technical 
service unequalled in the industry. No matter what 
your plastics problems this service is at your 
disposal. SLOane 0898 is the telephone number. 
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The ROSAN Press Nut 
provides a deep tapped hole in metal 
sheet or plate—strongly secured. To fix 


the ROSAN Press Nut access from one 


side only is needed and no counterboring 


or countersinking is required. The 
ROSAN Press Nut is made in all threads 
up to jin. and to special requirements. 


Actual size cum of a4 BA. nut. 


To obtain full details of the ROSAN Press Nut, 
write or ‘phone the Instrument Screw 
Co. Ltd., Northolt Road, South Harrow, 
Middlesex, Telephone: BYRON 1141 who 


will send you a descriptive leaflet and a sample. 
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Hanna Curves taken from 
measurements on 


a FERROSIL 100 at 50 c/s 


The figures against 
the various points 
of the graph give 


the value of ; 


Bm.| 1000 gauss 


Bm. 100 gauss 
0014 


‘Hanna’ curves for ‘FERROSIL 100’ 


Typical data of ‘Ferrosil 100’ stampings is shown by Hanna Curves such as are 
widely used by electronic engineers in the design of iron cored chokes and trans- 
formers carrying both A.C. and D.C. currents. Low-loss high-permeability 
Ferrosil stampings are ideally suited to an infinite number of applications, of 
which only a few are shown. Not only is there an R.T.B. stamping for every job, 
but a wealth of technical data is available both in our new catalogue and by 
request from 


RICHARD THOMAS & BALDWINS LTD. 


LAMINATION WORKS : COOKLEY WORKS, BRIERLEY HILL, STAFFS. 
MIDLAND SECTION OFFICE : WILDEN, STOURPORT-ON-SEVERN, WORCS. 
HEAD OFFICE: 47 PARK STREET, LONDON, W.1 


Our Cookley Works is one of the largest in Europe specializing in the 
manufacture of laminations for the electrical industry. 





SN 











MORE THAN A PRICE LIST 
— THESE NEW UNBRAKO 
PUBLICATIONS ARE AN 
INVALUABLE SAFEGUARD 
OF YOUR INTERESTS 


Every buyer, every user of screws should have 
these latest Unbrako lists. Forming a detailed 
and comprehensive guide to the whole Unbrako 
range, standard and non-standard, they will 
prove an invaluable addition to your book- 
shelves and enable you to always specify Unbrako 
screws for any job rather than risk screws that 
may lead to costly breakdowns. 


A postcard or telephone call will bring your 
copies by return. 


UNBRAKO SOCKET SCREW CO || BRA ¢ LTD , COVENTRY 
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increases production in the Electrical Industry — No. 2 


Marconi’s Wireless 
Telegraph Co. Ltd., 
use ‘Fluon’ washers 


and insulators 


* FLUON ’, originally developed for its 
immunity to chemical attack, is now 
finding its most important outlets in the 
electrical and electronics industries. It 
is the best of the solid dielectrics and is 
an excellent electrical insulator. 

It is being used in a wide variety of 
ways ranging from cable and wire insu- 
lation to T.V. antennae insulators; from 
high temperature condenser dielectric 
to low friction bearings for variable 
resistors. It is in fact the insulating 
material to use wherever maximum 
efficiency and extreme reliability are 


required over an indefinite period. 


Varconi’s Wirele-s | elegraph Co. Ltd. use 
‘Fluon’ p.t. f.e. capacitor plates, washers, 
etc. made by * Dalav Specialised Plastics, 
Clacton-on-Sea, iv their Wide-Band Multi- 
Channet Radice Link Fauipment. Here a 
coaxial coupling ‘s dismantled to shaw 
*Fluon’ p.t.f.e. spacers. 


*Fluon’ is the registered trade mark for the 
polytetrafluoroethylene made by 1.C.1. 





ICI 











IMPERIAL CHEMICAL INDUSTRIES LIMITED - LONDON 
a 


PF. 
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BERCO -BPT 
Voltage Regulators 


The Widest Range in the World 
290VA—IIOKVA 
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THE BRITISH ELECTRIC RESISTANCE CO. LTD. 


THE BRITISH POWER TRANSFORMER CO. LTD. 
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* REPLACEMENT 
* PROTOTYPING 


* STOCK CONTROL 


Our “MAKA-SWITCHES” 

(supplied as separate “Shafting 
Assemblies”, “Spacers’’, “Mains Switches” 
and 5 Combinations of “‘Wafers’’) enable 
you to build almost any “Rotary” up to 6 
Banks, thus solving all your SWITCHING 
PROBLEMS! 


You can now build almost any Mains Dropper by 
using our “MAINS DROPPER SECTIONS”. 
Available in a range of 32 Values (2 sizes). Another 
one of your headaches (especially T/V Droppers) 


4-8 MAPLE STREET - LONDON - W.I + ENGLAND 
Telephone: EUSton 7232-7 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES, LONDON 
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TYPE 12TOSA 


The Decca True Motion Radart one 
of the most comprehensive marine 
radar equipments manufactured, 


uses a *‘ Cintel ’ Cathode-ray Tube 








for display purposes. 


This tube is but one from a wide 
range in current production 
suitable for radar applications 
and radar is only one of 

the facets covered by the 


complete range of ‘ Cintel ’ Tubes. 


raph by courtesy of Decca Radar Ltd 








RADAR 
TUBES 


3% over 200 tube types in the current catalogue. 
Full data on request. 


WORSLEY BRIDGE ROAD | 
LOWER SYDENHAM - LONDON - SE26 <i> 
A Company within the Rank Organisation Ltd. HITHER GREEN 4600 
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GIVES 
HYBREZ SURFACE 
PERFECTION 


DIAMOND COMPOUND 


e HYPREZ is the most up-to-date method for 
economic fine-grinding, lapping and polishing, 
of steel, stainless steel, cast iron, non-ferrous 


or metals, chrome-plate, stellite, tungsten-carbide, 
boron-carbide, sapphire, quartz, ceramics, etc. 


Some typical applications: 


i It has been developed to impart the very finest degree of 
surface finish to a variety of materials and is currently 
employed in the finishing of metallurgical specimens, 
plastic moulds, tungsten-carbide dies (i.e. drawing, 
extrusion, forming and cold-heading dies), cutting tools, 
die casting cavities, instrument bearings and pivots, 
etc. The hardness of the diamond particles makes it suitable 
for use on the hardest of metals, for fine grinding. lapping 

and polishing. 


METALLURGICAL SPECIMENS 


EXTRUSION DIES 


PLASTIC MOULDS 


GABRIEL’S HILL MAIDSTONE - KENT 


Telephone: MAIDSTONE 55185/6 Telegrams & Cables: ENGIS, MAIDSTONE 
EXPORT OFFICE: 25, VICTORIA STREET, LONDON, S.W.1. Telephone: ABBey 2487-8-9 
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UNDOUBTEDLY... 


** For inductance or capacitance measurements the measuring 
bridge is energised by the output from a valve oscillator, the 
out-of-balance voltage from the bridge being applied to 
the built-in selective amplifier-detector and 
moving-coil indicator, while for resistance 
measurements the indicator is used directly as a centre- 
zero galvanometer, the necessary d.c. for the bridge 
being derived from the power pack supplying the 


oscillator and detector used for inductance 





, 


and capacitance measurements.’ 


QO” of the problems of the age is how to keep 

up with the younger generation. One can 

support the shame of being unable to help with 

homework, but the prospect of having to admit 

ignorance of electronic equipment is intolerable. 

For instance, what do you know about the Marconi 

Universal Bridge Type TF 868A? Could you im- 

press our young friend with an authoritative 

description of the instrument’s ingenious mechanical 

design which provides single-dial measurement of 

L,C, and R? You owe it to yourself to be really 

up-to-date about Marconi Instruments—after all. 

they are important tools of your trade. Start with UNIVERSAL BRIDGE 
the TF 868A. Our leaflet J 112 contains full details, Type TF 868A 


and we'll gladly send you a copy. 1res inductance or car acitance at 1 or 10 ke/s 
a isiance Measurement Ran _e 1 uH to 

uF to 100 uF, 0.1 ohm to 10 Mf 

to 10 at kes, | to 100 at 10 ke 


0.001 to 0.1 at 1 kes, 0.01 to 1.0 at 


| ARCON! 


MARCONI! INSTRUMENTS LTD -. ST. ALBANS - HERTFORDSHIRE TELEPHONE: ST. ALBANS S6ié6! 
London and the South: Marconi House, Strand, London, W.C.2. Tel: COVent Garden 1234 
Midlands ; Marconi House, 24 The Parade, Leamington Spa. Tel: 1408 North: 30 Albion Street, Kingston-upon-Hull. Tel: Hull Central 16347 
WORLD-WIDE REPRESENTATION 
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your way 
to cut 
production 
costs 





THE MINIATURE 


—__§, GDT120M 


PRIMED 
TRIGGER TUBE 


This new tube has been introduced to meet those low-cost trigger tube 
applications which demand closer tolerances and additional features 
normally not met with in tubes of this low price range. 

As in the earlier GTR 120 W, the Ericsson combined cathode/getter 
element (patent applied for) forms the basis of this new design ensuring 
maximum performance at minimum cost. 

The inclusion of an entirely separate built-in light source gives the circuit 
designer complete reliability of operation under all lighting conditions and 
consequently greater flexibility of circuit layout. 


FREE SAMPLES are immediately 
available to Research and Developmen: 
Organisations. Please write to the 


TECHNICAL SERVICES DEPARTMENT 
TUBE DIVISION 


BEESTON, NOTTINGHAM 














ERICSSON TELEPHONES LTD., HEAD OFFICE: 22 LINCOLNS INN FIELDS, LONDON, W.C.2. 
Originators and Sole Manufacturers of the Dekatron Cold-Cathode Scaling Tube. 
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J. RUSSELL ELECTRONICS LIMITED 


TYPE CS.3 


The corona stabiliser is a low 
current gas discharge tube 
for the regulation of voltages 
from 400 to | ,400, in circuits such 
as supplies for G-M counter 
tubes or photomultipliers but can 
also be used for stabilising beam 
focussing and accelerating 
potentials of cathode ray devices, 
where current consumption must be 
minimised. It may also be used 
as a general purpose voltage reference 
tube for all electronic equipment. 

The tubes which are hydrogen filled 
have their operating voltages 
determined by the hydrogen pressure. 

The corona stabiliser type CS.3 is 
available in standard form with operating 
voltage between 400-1,400 (in steps of 
100 volts) and alternative tolerances of 

5%, 24% or 1%. 

Any non standard voltage within the range 
may be produced upon request with a 
manufacturing tolerance of 1°. 


Full information may be obtained from 


PENA INDUSTRIES LIMITED 


Electronics Division 


Peto Scott Electrical Instruments Limited 
Easipower Limited 
Cosmocord Limited 
Thermionic Products Limited 
Telemechanics Limited 
Conrad Electrical Company Limited 
J. Russell Electronics Limited 


2-4 BROOK ST., LONDON, W.I. Telephone: MAYfair 8262 
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Performance proved since 1939 
—the patented ‘Tuchel’ contact principle 
is a feature of the 


WKeleeKe range of connectors 


Within the MODAC range of connectors 
are available strip type, miniature, general 
service and heavy duty designs to meet 
most needs and applications. 

The full technical data is set out in this 
new, completely illustrated brochure, a 
copy of which may be obtained on request. 


Send for this new 
and fully illustrated 
brochure 














MODERN ACOUSTICS LIMITED 


CONTACT CONNECTORS DIVISION 
MANOR WAY - BOREHAM WOOD - HERTS 
Sole concessionaires of ‘Tuchel' in Great Britain 
and Commonwealth Countries. 
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this patented 
principle gets 
fo grips 


>” improved 
contacting 


Each pin on every Modac connector is gripped by up to 
24 self-cleaning resilient pincer-like contacts which ensure 
the firmest mating and maintain clean and oxide-free surfaces. 
Modern Acoustics will be pleased to undertake the design of 
any special plug and socket arrangement to meet specific needs. 


@ MAIa 
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A selection 
from a range 
of special valves and tubes 


H E.M.I. 
| MAGNETRONS AN 
\ REFLEX KLYSTRONS: 


for J-BAND 
and Q-BAND 


~ 
2 ee ee oe 


FIXED FREQUENCY PACKAGED MAGNETRONS 


Fixed frequency . Waveguide 
Type No. within range:— Min. Peak Power Max. Mean Power Tarenination 

















R 9509 16—17 kMc/s 50 kW 38W 








R 6138 34—36 kMc/s 1S kW 








R 9515 34—36 kMc/s 30 kW 











REFLEX KLYSTRONS 


Type No. Coverage Power Nominal la Termination 





R 9520 16—17 kMc/s iS mW 350V 32 mA WG 18 





R 9521 35—40 kMc/s 1S mw 2000V 12 mA WG 22 





R 9546 32—38 kMc/s iS mW 2000V 12 mA WG 2 





R 9518 28—32 kMc/s 1S mW 2000V 12 mA WG 22 





R 9547 24—28 kM/cs 1S mW 2000V 12 mA WG 22 











OTHER PRODUCTS: Plug-in and integral -cavity Reflex Klystrons for frequencies 1000-12000 Mc/s; power up 
to 4 W. Photomultipliers, Television Camera Tubes and Special C.R.T.s 


For further information please contact :— 


E.M.l. ELECTRONICS LTD., vacve pivision, 


RUISLIP : MIDDLESEX RUISLIP 4091 £5 123 
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A SERVICE 
FOR DESIGNERS 





The possibility of a component change—due to shortage of 
supplies, increased costs or failure to meet specific conditions 


—is a problem facing every designer of electronic equipment. 





However, one basic component can be ‘tailor-made’ from the 


start, for LAB will supply the precise type of Resistor required, 





ex stock and at the right price. Write for full technical data, 


prototype samples and price schedules to :— 


THE RADIO RESISTOR CO. LTD., 
50, ABBEY GARDENS, LONDON, N.W.8 


Telephone: Maida Vale 0888 


| TOLERANCES | 
. Solid 41 &2 5% & 10% 
. Cracked 1/30—20 | 5% & 10% 
. *High Stability 1/10—~3 0.5% 1% 2% 5% 
. Variable i os 
. V.High Resistance ind 5% & 10% 
. V.H.F. (Rods & Discs) 1/10—1 1% & 2% 


CARBON WATTS 


| 
r 
| 
j 
| 


WIREWOUND 

. Rheostats one 

. Sliders 10—16K | _ 
. Vitreous | 150K | 1% 2% 5% 
. Cemented tp Salil |  1—25K | 5% & 10% 
~*The ubiquitous blue (190 grey QQ) “HISTABS” 

Do you KNOW 

THAT  V.H.F. rods and discs (5) can be supplied in matched pairs. 


THAT Rheostats (4) can be made up in twos and threes on a 
common spindle. 
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Taylor Tunnicliff 
ADMIRALTY FISHSPINE BEADS 


for bare wire insulation 
with no gyying on the 
sharpest bend / 


@ WW) 


ADMIRALTY “ FISHSPINE” 
BEADS have the 
following special features 


Available in fifteen 
sizes. 


Each bead a complete 
unit which facilitates 
rapid assembly. 


Made to dimensional 
accuracy. 


Will withstand high 
temperatures and 
severe thermal shocks. 


Permit a high degree 
of flexibility. 


Delivery ex stock. 


Full technical data, TAYLOR TUNNIGLIFF crerractonies) LTD 


quotations and Albion Works, Longton, Stoke-on-Trent, Staffs. 
samples available Tel.: Longton 33071/2 
gs + sm London Office: 125 High Holborn, W.C.1. Tel. : Holborn 1951/2 
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YOU 
are invited 


to write for 
a FREE copy 


Nickel alloys provide for the designer a 
range of materials with a wide variety of 
magnetic properties. These include, on the 
one hand, the “ soft ” magnetic alloys, amongst 
which are found the highest permeabilities 
ever reported, and, on the other hand, steels 
which are sensibly non-magnetic. 

A further group contains the most powerful 
permanent-magnet materials known, whilst yet 
another class provides the optimum properties 
for applications depending on magnetostrictive 
effects. 

The high level of magnetic properties not only 
permits economic advantages, in saving the 
bulk and weight in equipment, but makes 
possible technical performance unattainable 
with other materials. Further advantages may 
often be realised in improved corrosion- 
resistance compared with that of other 
ferro-magnetic materials. 

To give engineers and designers the fullest 
technical data on these important properties 
we have available a new publication “ The 
Magnetic Properties of the Nickel-Iron 
Alloys”. You are invited to write for a free copy. 


4> THE MOND NICKEL CO. LTD. THAMES HOUSE - MILLBANK - LONDON S.W.I 


TGa 2t/2e 
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*‘*‘BELLING-LEE”’ 


PRINTED CIRCUIT 
CONNECTORS 


L.1369 8-pole connector 0.15” module 
L.1370 


L.1372 


12-pole connector 0.15” module 


18-pole connector 0.15” module 


L.1355 8-pole connector 0.1” module 


L.1380 Printed circuit guide 


L.1381 Polarizing pin for connectors 


L.1366 Coaxial! socket 


(accepts standard plugs) 
L.1383 Fuseholder size 00 


L.1384 2-way Terminal block 
(Dovetail type) 
L.1392 Test Point 


1958 


Telephone : Enfield 3322 


L1366 


The new range of printed circuit connectors—first introduced at the 
R.E.C.M.F.—use the printed circuit board itself as the plug-in member 

The unique contact spring construction ensures that a very large number 
of insertions and withdrawals of the board can be made without deteriora- 
tion of the circuit or connector. The springs are gold-plated to ensure a 
low resistance connection. 

Correct polarity of insertion can be arranged by removing a contact and 
replacing it with a polarizing pin (L.1381) which engages with a slot cut 


in the panel. More than one polarizing pin may be used to “‘code”’ boards 
in an assembly. 


All printed circuit components have been designed for dip-soldering and 
any holes in the base panel are on the 0.1 


grid, with the exception of types 
L.1369, L.1370 and L.1372 which are on a 0.025” grid because of their 
0.15” spacing. Forexample, with L.135§5§ connector all holes, including thos« 
for fixing the connector and the guides (L.1380), are on the 0.1 


grid. 
The coaxial socket accepts standard free plugs. The fuseholder accept 
“Belling-Lee” fuselinks L.754 and L.562 (10 mA to 7A ratings). 


BELLING ¢ LEE LID 


GREAT CAMBRIDGE ROAD. ENFIELD, MIDDX., ENGLAND 
- Telegrams: Radiobel, Enfield 
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198 
FARNELL ae 


Instruments | ory at he j ra ol . 


LTD. 


LIGHT INDUSTRIAL ESTATE, ] 
YORK ROAD, WETHERBY, TELEPHONE 2544 


VISIT OUR 


SECOND INDUSTRIAL 
ELECTRONICS EXHIBITION 


in the North East 





A number of new instruments not 
seen at the Spring Exhibition in London 
will be on Show at our exhibition. 


OPEN DAILY from 10 a.m. to 5 p.m. Exhibitors include :- 
TUESDAY, MAY 20th to Advance Components, Ltd - Avs Ltd - Cossor 
FRIDAY, MAY 23rd inclusive Instruments, Ltd . Dawe Instruments, Ltd 
Hivolt, Ltd + Micro-Wave Instruments, Ltd 
Nagard, Ltd - Nash and Thompson, Ltd - Racal 
Engineering, Ltd ~- Rutherford College of 


R UTHER FORD Technology - Bryan Savage, Ltd . Taylor 
COLLEGE OF Electrical Instruments, Ltd - Telequipment, 
TECHN OL oO GY Ltd + Waveforms, Ltd - Wayne Kerr 


Laboratories, Ltd 
NORTHUMBERLAND ROAD, + Some of the leading technical 
NEWCASTLE-UPON-TYNE, | journals will also be exhibiting. 


Admission by TICKET ONLY 


Obtainable free of charge from the 
Principal, Rutherford College of 
Technology, direct from Farnell 
Instruments, Ltd., or any exhibitor 





Manufacturers’ technical advisers will be available on each Stand 
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High-Temperature 
Strain Gauges 


Maximum 
=e Operating 
Temperature C 


3 TYPES OF BASES AVAILABLE 


including Ceramic 
SMALL SIZE 


mee Consrauctine AVRO-FARNELL ACCESSORIES 
fatigue tests have been carried out on gauges manufactured by FARNELL 
attached to aluminium alloy specimens with INSTRUMENTS LTD. 


an alternating stress of 10 tons per sq. in. 


All but one specimen withstood ONE SPOT WELDING EQUIPMENT 
MILLION REVERSALS designed and used for connecting leads to strain gauges. 


extensively by A. V. ROE & Co., Ltd., 
salt te Claas BALANCING AND SELECTOR UNITS. 


ALTERNATING STRAIN MEASURING 
INSTRUMENTS. 


Also Complete Kits comprising: 
Available direct from the sole suppliers :- Strain Gauges (in units of ten) 
Connecting Leads 


Thermistors 
Special High-temperature 


Adhesive Cement, etc. 
Instruments : “ 
SEE THESE ON OUR STAN 


LTD. t the NEWCASTLE EXHIBITION 


WETHERBY INDUSTRIAL ESTATE, YORK ROAD, WETHERBY, YORKS. Telephone 2544 


(Further details available on application) 
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a transmitting 
all communications 


QQV03-20A 


Frequency tin Megacyeles 


100 1000 
20 40 60 80 400 600 800 2000 4000 


30 50 | 70 300 500 3000 


TY7-6000A -- 
TY7-6000W -—— 
TY6-5000A 
TY6-5000W 
QY5S-3000A 
QY5-3000W 
TY4-500 
TY4-350 
QY4-250 
QY4-500A 
TY3-250 
TY2-125 
QY3-125 
QY3-65 
QV1-150A 
QQV06-40A 
QQV07-40 
QV06-20 
QQV03-20A 
TD1-100A 
QQV04-15 
TD04-20 
QQV03-10 
QV03-12 
QV04-7 
QQV02-6 
TO03-10 
TD03-10F 
TDOS-12 


300 500 | 700 3000 
20 200 400 600 800 | 2000 4000 
1000 


Frequency in Megacyeltles 
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valve range for 
equipment 


This extensive range of work-proven transmit- 
ting valves fills the wide and diverse needs of com- 
munications equipment manufacturers. The 
performance of this valve group extends to 
frequencies as high as 3,000 Mc/s for 0.5W and to 
powers up to 6.9kKW at lower frequencies. 

The Mullard technical advisory service is 
always at the disposal of manufacturers to 
answer questions relating to the applications 
and suitabilities of these valves. 


Transmitting Valve Data 


This chart has been compiled to acquaint 
( designers with the range and scope of Mullard 

transmitting valves available for communica- 
tion purposes, and to facilitate the selection of 
suitable types for given applications. 
The power quoted is the maximum valve output 
available with Class C telegraphy operation up to 
the frequency indicated by the junction of the solid 
and lines. The extent to which a valve may be used 
at higher frequencies with reduced ratings is given OY4-500A 
by the line. 
More detailed information may be obtained from a 
leaflet on this range of valves and from individual 
data sheets—all of which are available on request 
at the address below. 
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COMMUNICATIONS AND 





fas MULLARD LIMITED + MULLARD HOUSE - TORRINGTON PLACE - LONDON - W.C.! 
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Heres a complete range of insulating tapes 
with improved thermosetting adhesive — 


HOW THE HOLDING POWER OF 
3M THERMOSETTING [ADHESIVE 
INCREASES. WITH TEMPERATURE 


INCREASE) 





HOLDING POWER -(«| 


TEMPERATURE INCREASE 


"50% 


Scotch Bay’ electrical tapes 


GREATER ADHESION - LONGER SHELF LIFE 
RESISTANCE TO SOLVENTS :- 50% MORE TACK 


pow BELIEVE THESE CLAIMS WITHOUT PROOF te HOLDING POWER ses that’s the big difference between 
* | pressure-sensitive insulating tapes with thermosetting adhesive 
Ask for a demonstration! Send this coupon to | and tapes with the conventional adhesives. Improved 3m thermo- 
Minnesota Mining & Manufacturing Co, Ltd, | setting adhesive gives holding power to ‘scorcH Boy’ electrical 
3M House, Wigmore Street, London, W.1, : _ , 
tapes. It holds without softening under extreme operating heat . . . 
has high bond strength for anchoring leads . . . bakes dry to prevent 
“throw-out”’. . . permanently resists the action of solvents, waxes, 
and varnishes. The only tapes with all these four advantages are 
electrical tapes with 3m thermosetting adhesive. ‘scorcH Boy’ 
electrical tapes with this unique adhesive are available in polyester 
film, acetate cloth, glass cloth, and paper. 


NAME 


ADDRESS 


| 
| 
| 
| 
ciciiiliin aiieaie ait i eRe. D 


ScoTcH does the job BETTER! 


BOY 


popucrown |] MINNESOTA MINING & MANUFACTURING COMPANY LIMITED 
3M HOUSE, WIGMORE ST., LONDON, W.!, and BIRMINGHAM +» MANCHESTER - GLASGOW 


p------- 





oe WORLD'S LARGEST MANUFACTURERS OF COATED PRODUCTS 
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CUT your Cost 


by taking advantage of costing according to the number of channels required 
for initial coil loading, but ensuring interchangeability of subsequent loading. 


IMPROVE your Gain 


by providing easy alignment and simplified Dealer maintenance. 


ADD to your Reliability 


by ensuring consistent performance, both on current production and 
subsequent channel insertion. 


INCREASE your Value 


by offering full facility on T.V. and Radio in the 40-220 Mc/s range. 


PROFIT by Experience 

















by using the facility of batch sequence channel loading, 
i.e. Any number of channels required can be loaded in 


any order, so obviating the necessity for switching 
through channels not required. 


TRADE MARK 


Receiver manufacturers only, write for 
full details and specifications. 


— > @ B.'s =) 4 Ss. BIRD 


AND SONS LTP ' DORSET 


Address for enquiries and sales correspondence :- 


London Sales & Technical Liaison Office, 
3 Palace Mansions, Palace Gardens, Enfield, Middiesex. 
Telephone: Enfield 8571-3 Telegrams: ‘‘Copacity-Enfield 
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* No delay in getting your ideas put into practice. 


% No need to interrupt your smooth flow of quantity production to produce Experimental 
Chassis. 


% Lektrokit Experimental Chassis can be modified quickly and simply. 


% A wide range of accesso”ies permit the construction of bench or rack mounted units for 
permanent use. 


% Units can be fitted together almost indefinitely in a variety of ways. 


“ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY TELEPHONE: BYFLEET 4411 
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STRATTON & CO. LTD., BIRMINGHAM, 31 





THE 


ATLANTIC 


AY Fd KY 





ina a 


\ 


NEW LOW-COST TRANSFORMERS 


The Atlantic Series offers advantages over the 
conventional open type transformer without increase 
in cost, thus fulfilling the need for a commercial 
equivalent to the existing ranges of open and 
hermetically sealed ‘C’ core,constructions, Plan 
dimensions, terminal positions, and fixing centres 
comply with RCSC Specification RCL 215. 


PARMEKO TRANSFORMERS 


for the Electrical and Electronic industries 
PARMEKO LTD, PERCY ROAD, LEICESTER, ENGLAND 
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2 i clor-meade futnace 


may do YOUR bright heat treatment 


Walton-on-Thames 206 


better 


Often the best results in heat 
treatment work are obtained with 
a furnace designed expressly for a 
particular product or manufacturing 
technique. We specialise in furnaces 
tailor-made to meet special require- 


ments. It is not an expensive 


business. And we can put a wealth 


of knowledge at your disposal. Our 


ability can be judged from the fact 
that we work for many leading manu- 


facturers. Here are two examples: 


(TOP ILLUSTRATION) Continuous mesh-belt 
conveying furnace for bright annealing in a 
cracked-ammonia atmosphere. A special ‘ hump- 


back’ design eliminates discolouration of work 


at discharge 


(BOTTOM ILLUSTRATION) Bell furnace with three bases 


and gas-tight retorts for bright brazing and 


annealing in a nitrogen atmosphere 


ELECTRIC FURNACES LTD 


WALTON-ON-THAMES, SURREY 


SIR RICHARDS BRIDGE, 


OVENS AND KILNS 


SPECIALISTS IN FURNACES, 
REQUIREMENTS 


DESIGNED FOR INDIVIDUAL 
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9.1.6. 


“Over the 
horizon’ 
RADIO 


TRANSMISSION 
SYSTEMS 





A new advance in telecommunications... 


The new S.T.C. ‘‘Scatter’’ equipment allows the trans- 
mission of telephone, telegraph and television signals 
over distances of the order of 100 to 180 miles or more. In 
appropriate conditions up to 120 telephone circuits can be 
transmitted on a single radio circuit. 

The basic S.T.C. equipment provides dual space-diversity 
reception, but other diversity arrangements can be 
supplied. 

Aerials consist of 30ft. or 60 ft. elliptical reflectors, 
specially designed to overcome wind-loading problems. 
Station equipment, which uses the most modern wave- 
guide techniques, is totally enclosed in a suite of neat 
metal cubicles. 

Advice on systems planning and propagation testing can te 
obtained from 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 

















TRANSMISSION DIVISION: NORTH WOOLWICH - LONDON :- E.16 
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GERMANIUM JUNCTION RECTIFIERS 
— finned bridge units 


Wy 


PAN ANU 


SoG 


Ute! VAAN 




















A.C. INPUT D.C. OUTPUT OVERALL 
TYPE max. f.m.S | max. voltage | max. current | LENGTH 
volts(per phase) volts amperes inches 


GA3I-A 140 125 2-0 at 40°C 34 
GA4I-A 53 47 2-0 at 60°C 34 
GASI-A 210 187 2-0 at 40°C 34 
GA6I-A 106 94 2-0 at 60°C 34 


GA52-A 340 303 2-0 at 40°C 

GA62-A 170 15! 2-0 at 60° 

The well-known range of = 
GAS53-A 510 455 2-0 at 40°C 


BTH germanium junction GA63-A 254 227 7-0 at 60°C 
rectifiers is now available 
made up into convenient 
bridge units ready for in- 
corporation in your equip- 
ment. 








SINGLE-PHASE 





GB31-A 140 188 3-0 at 35°C 
GB41-A 53 7\ 3-0 at 55°C 
GBS5I-A 210 283 3-0 at 35°C 
GB6I-A 106 143 3-0 at 55°C 


GB52-A 340 458 3-0 at 35°C 
GB62-A 170 229 3-0 at 55°C 


THREE-PHASE 


























BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO., LTD., RUGBY ENGLAND 
on A.£.I, Company A5184 
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Wedglok nuts are completely self-locking. They will not 
work loose through vibration or reversal of stress. They 
need no locking devices—and the locking-action is unaffec- 
ted by age or temperatures within the normal range. 


How is it done? 

In a Wedglok nut the locking element consists of a tough, 
resilient nylon pellet. This is inserted in the body of the nut 
and projects slightly above the crest of the thread. When the 
nut is turned the pellet sets up a wedging action, gripping 
the threads tightly. This counter-thrust creates metal to 
metal engagement of mating threads. The Wedglok principle 
can be applied to screws as well. 


If it’s a matter.of how to fasten one thing G i N 
to another ... get in touch with 


Wedglok Self-Locking Products are manufactured under licence in the United Kingdom solely by 
Guest Keen & Nettlefolds (Midlands) Ltd., Screw Division, Box 24, Heath St., Birmingham 18. Tel: Smethwick 1441 


S/wKk/3825 
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MULLARD 











Advisory 


Service 





The fundamental factors governing the 
design of a magnetic circuit are:— 


(a) The magnetic field strength required 
in the air gap. 
(6b) The physical dimensions of the air gap. 


(c) The leakage flux from the surface of 
the magnet (and pole pieces, if used). 


If the dimensions of the gap and the flux 
required in it are known, the length of the 
magnet may be determined with the aid of 
either of the following simple formulae. 


c.g.s. System 


Length Ln, of magnet in cm. 
Fons — Mae ay K; 


H, is the field in the air gap in oersteds; 
L, is the length of the air gap in cm; Hy, is 
the design value of H from the magnet 
material characteristic. 


M. K.S. System 


Length L, of magnet in metres 
Be x Le 
Ha 
B, is flux density in gap in webers/metre’; 
L, is length of gap in metres; H, is in ampere- 

turns/metres. 


Lm = 4x x 107 x K, 





gap (B, 


ore: 


No. 2 | 


Magnetic Circuits 


Advertisements in this series deal with general design 
considerations. If you require more specific informa- 
tion on the use of permanent magnets, please send 
your enquiry to the address below, mentioning the 
Design Advisory Service. 


K, is a factor which may vary between 1.05 
and 1.2. The lower value would apply if 
iron is of good magnetic quality operating 
well below saturation; also if joints in the 
magnetic circuit do not present appreci- 
able reluctance. 

The cross-sectional area of the magnet may 
be obtained by this formula. 

Area A,» of magnet in sq. cm. 

Be < Ag 
Ba 
B, is the flux density required in the air 
H,in air); A, = area of gapinsq.cm; 
Bz design value of flux density of the 

magnetic material. 


Am Leakage Factor 


Leakage factors vary enormously with 
different applications and therefore, some 
experience or information is necessary in 
order to get a sufficiently close approxima- 
tion for practical purposes. An example 
illustrating leakage is shown below. 











IO} PIC] eB 
































5%-10%, 
APPROX. EFFICIENCY 
Using the M. K. S. System, the same formula 
still applies with B, and B, in webers/metre 
and the area in square metres. 


If you wish to receive reprints of this advertisement 


and others in this series 


write to the 


address belou 


| ‘TICONAL’ PERMANENT MAGNETS 
Mullard te NE .MAGNADUR’ CERAMIC MAGNETS 
FERROXCUBE MAGNETIC CORES 











LIMITED, COMPONENT DIVISION, MULLARD 


MAY 1958 


HOUSE, 





w.c.l Tel. LANgham 6633 
MC 262 


TORRINGTON PLACE, 
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resenting A POWER UNIT FOR SCR-211 
BC-221 SERIES FREQUENCY METERS 





Developed primarily for a Service 
requirement, this compact A.C. mains- 
operated power unit was designed to 
replace the batteries normally used with 
American Frequency Meters SCR-211 
(BC-221), TS-174/U and TS-175/U. It 
is equally suitable for the British 
manufactured versions X7474 and X7475. 





The power unit locates neatly into the 

former battery compartment, with a 

slight adjustment to compensate for 
varying case dimensions. 


A small control box contains the mains 
ON-OFF switch, fuses, pilot lamp and 
mains input plug. 


Input 110-120v or 200-250v A.C. 50-60c/s. 
Output 135y + 2% 25mA Stabilised. 
Gv + 2% IA 





TYPE UE.22 


G. @ E. BRADLEY LTD. 


ELECTRAL HOUSE - WEASDEN LANE - LONDON - NW10 


TELEPHONE: GLADSTONE 0012-7 - TELEGRAMS - BRADELEC - LONDON NWI0 
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Miniature Electro-Magnetic 
Microphone and Earphone Inserts 


(Items illustrated are only part of the range.) 





MICROPHONE M6 











and other products 


Enquiries to: 


COMMUNICATION ACOUSTICS 





i WATO REF. 
—" 5965 -99-9116833 
y ee 





EARPHONE E11 








| ...For Military and 
MASK MICROPHONE Y \ \ Commercial equipments eee 


13100 


NATO REF. 
5966-99-9116834 


in fact, for nearly every application there is, 

within the complete Amplivox range, a suitable 
microphone or earphone insert. Whether to 

the stringent NATO Specifications for performance 

in Military Equipments or, for example, to the 

tone and acceptable appearance requirements for 

use in Hearing Aids, every. Amplivox miniature acoustic 
insert is subject to the same care 

in Design, precision and efficiency in Manufacture, 

and searching Inspection. 


Communication Systems - Headphones and Headsets 
Earphone and Microphone Inserts - Communication Helmets 
Stethophones - Microphone Assemblies 

Ear-Defenders - Extruded Cordage and Cables 


eS eepeaeRe@ INDUSTRIAL DIVISION 


MAY 1958 


52-53 Margaret Street, London W.1. 
Telephone: LANgham 7918 
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Cressall 


HEATERS 


for Industry and Transport 






















































































































































































CARTRIDGE HEATING UNITS 

















Cartridge elements enclosed in metal 
tubes are designed to be used for 

the local heating of metal parts such as 
dies and moulds. They are made 

in two standard diameters and 

several lengths. 

















































































































BAND HEATING UNITS 








These units are intended for 
clamping round cylindrical surfaces 
for local heating. Of the two 

types available, one is of light and 
flexible construction and the other is 
preformed and totally encased. 


Oom 


GRESSALL STEEL JACKETED 
HEATER UNITS 

















For use in conditions of severe 











shock and vibration such as space 























heating on public transport and for 
heating moulds and platens. 
Units with alternative terminal 



































arrangements are available. 


























































































































































































































THE CRESSALL MANUFACTURING CO. LTD. (A subsidiary of The Expanded Metal Co. Ltd.) 


Eclipse Works, Tower Street, Birmingham 19 
Tel: Aston Cross 2666 





Lendon Office : Burwood House, Caxton St., London, 5.W.1 
Tel: ABBey 7766 A.1.D. and A.R.B. approved 
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~ ENGLISH ELECTRIC 


Britain’s leading marufacturers of ‘C’ Cores 


“ENGLISH ELECTRIC’ introduced ‘C’ Cores to Britain and established the 
Standard Inter-Service Range in conjunction with the Radio Compon- 
ents Standardisation Committee. The full RCS range of ‘C’ Cores and a 
comprehensive range of accessories are AVAILABLE FROM STOCK. 
Enquiries for *‘C’ Cores should be made to The ENGLISH ELECTRIC 
Company Limited, Transformer Sales & Contracts Section, East 
Lancashire Road, Liverpool, 10. Telephone AlNtree 3641. 


THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W 
Transformer Department, Liverpool 

WORKS: STAFFORD . PRESTON RUGBY . BRADFORD LIVER POO! 

TFL.28 B7 
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HASSETT & HARPER 


STANDARD ELECTRONIC RACKS, CABINETS & CONSOLES 


STANDARD 
ELECTRONIC RACKS 


4x19° 6x19" 6x24’ 
AVAILABLE WITH SOLID SIDES AND BACK 
OR HINGED SIDES AND BACK 


OR HINGED SIDES AND HINGED BACK 
OR TOTALLY ENCLOSED 








WRITE FOR 
THESE DATA 
SHEETS 


WE BUILD STANDARD RACKS TO MINISTRY 
APPROVED SPECIFICATION —THESE CAN 
BE MODIFIED TO YOUR REQUIREMENTS 


Hassclt é Harper lid 


REGENT PLACE ° BIRMINGHAM . 1 
Telephone: CENTRAL 6418 


LONDON SHOWROOM: 1 GT. CUMBERLAND PLACE W.1 Tel: PAD. 4691 
453929 
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-for piercing 


pee though Templates. 
WIEDEMANN 


Turret Punch Press 


Piercing through templates, this new Wiedemann model 
gives faster than ever piercing on longer runs. Templates 
are fully protected—the press cannot trip until the 
punch has fully entered the template opening. Rack or 
standard gauges are available if required. 


Punching Pressure ..._ ... 30,000 Ib. 
Throat depth 28” .... 1 HP. Motor 
16, 18 or 20 turret stations 


There’s a Wiedemann Turret Punch Press for every 
short and medium run piercing job. Hand or power — 
15,000 to 160,000 Ib. punching pressure. 


Write for the 


new Wiedemann DOWDING & DOLL LTD 


Brochure. 346 KENSINGTON HIGH STREET, LONDON, wW.14 


Telephone WESTERN 6077 (8 lines) Telegroms : ACCURATOOL HAMMER LONDON 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping Operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


tapping screws for economy and safety 


HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
ALEX SCREWPLUGS. 


+) 
Linread 
LINREAD LTD. COX ST. BIRMINGHAM 3 
MAY 1958 


RIVNUTS 


SEMS 


72 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS 
7 


AIRCRAFT BOLTS, SCREWS AND RIVETS 
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Announcing 
two new EDISWAN Photomutltipliers 


We are pleased to announce two new Ediswan Photomultipliers: Type 27 M12 and Type 27 M13. 
Both are based on the well-known Ediswan Photomultiplier Type 27 Mr. 
Here are brief details of the new types (further particulars will be gladly given on request): 





27 Mi2 27 M13 





Nine-stage Photomultiplier specially designed for use Seven-stage Photomultiplier with twin anodes. These 
in aircraft and other locations where strong vibration provide a double output, which remains well matched 
is experienced. under all conditions 


Base: Flying Lead Base: II pin sub-magnal 
Cathode: Blue Sensitive Cathode Blue Sensitive 
Av. Cathode Sensitivity: 20 WA lumen Av. Cathode Sensitivity 15 JA lumen 
Max. Anode Current: ImA Max. Anode Current ImA 
Typical Operation: Typical Operation 

Volts per stage 6sV Volts per stage 125V 


Volts anode to Volts anode to 
secondary cathode 6sV secondary cathode 5s0V 


Sensitivity Sensitivity 
(white light) 1-0 A/lumen (white light 2-0 A/lumen 


Average Current Average Current 
Amplification 60,000 Amplification 13,000 


List Price: £18.0.0 List Price: £16.0.0 














Other Photomultipliers in the Ediswan range. SIEMENS EDISON SWAN LIMITED 

27 Mi Standard high sensitivity type (9-stage) List price £15.0.0. AN A.E.I. COMPANY 
27 M2 Lower sensitivity (9-stage) type List price £8.0.0. ISS CHARING CROSS ROAD, LONDON, W.C.2 AND BRANCHES 
27 M3 Sensitive to near ultra violet (9-stage) List price £16.0.0. Phone: GERrard 8660. Grams: Sieswan, Westcent, London 


crc 16/5 
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ADD A LITTLE 
Micro 
Swritchcraft 


TO YOUR ENGINEERING 


Burgess new V3—a completely new 
mechanism —ten million operations 
minimum —new family of associated low 
force actuators —double pole switches. 
Full details in issue number 2 of ‘Micro 
Switchcraft.” 


Micro Switchcraft by 


a lf Witty fd ye Lilly) 

Vy Z 
7 gal) of aCe, 
(ae) aS , jj 


“Wtitte 











THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 


BURGESS PRODUCTS CO. LTD., MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322 Telex: 53-229 
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verylody warts 


the World’s best magnetic tape! 


EMITAPE 88 EMITAPE 


General Purposes. Long Play, giving 


%! hy ' og ae 
AP :k 4 SPOOL SIZES 


ee ' to fit all standard magnetic tape recorders 
y 
4 


3” MESSAGE 5° JUNIOR 
5?” CONTINENTAL 7” STANDARD 


* HIGHEST 
TECHNICAL STANDARDS 


@ High sensitivity @ Low noise level 
@ Low print-through factor 
@ Freedom from curl and stretch 


@ Anti-static @ Low head wear 


* KEMICASE 


solves storage problems 
protects spools from dust 
allows easy identification of leader tapes 





TYPE LENGTH | EMITAPE IN | PRICE WITHOUT 
No. che SIZE |APPROX.| “EMICASE” |  “EMICASE” | 








88/6E * Junior” 5” dia.| 600’ | oa 2 fi. it. 
KIV/IE | a 5” dia.| 850’ a. 0. fil. 8 


88/9E | “Continental’’ | 53” dia.| 850’ a... fi. 8. 
WID/I2E 0 | 52” -| 1200’ 2 cl .t3. 


EMITAPE —the magnetic recording tape / “Sendra” | ~ ‘ 1200’ cs 2 ie % £1 AS a } 


with the world-wide reputation! Pa eb ® — — all = erated 
% LONG PLAY— 50%, increased playing time. 



































~-t. SALES &€& SERVICE LTD (Recording Materiais Division) HAYES - MIDDLES 
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METROVICK 


SYNCHRONOUS 
CHOPPER TYPE CK 








SOME FEATURES 


Low Electrical Noise (designed 
for high-impedance measurements) 


Contact Settings Readily Adjustable 
Small Size (Fits standard B9A valve base) 


Hermetically Sealed 
Wiasa-e)emhn\\EAViel 44;1¢ 


An A.E.1. Company 
G/R 80! 


ELECTRONIC ENGINEERING MAY 1958 








You are invited to write to 
The M-O Valve Company Ltd for this 
free comprehensive 30-page Catalogue 


“G.E.C. valves and cathode 

ray tubes for industry ’’— 

publication OV4265 — includes 

rating tables and equivalents lists 

for the range of G.E.C. transmitting and 

industrial valves and instrument cathode ray 

tubes, manufactured by the M—O Valve Co., Ltd. 

This informative catalogue is invaluable to all engineers 
concerned with the design of electronic equipment. 


Data Sheets... 


are available which provide 


all relevant information 


M-O VALVE COMPANY LIMITED 
4 z BROOK GREEN, HAMMERSMITH, LONDON, w.é6 
concerning G.E.C. electronic Makers of G.E.C. High Grade Radio Valves and Cathode Ray Tubes 


valves and devices. A subsidiary of The General Electric Company Limited 
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—for Industrial Research 


A simultaneous 
dual-channel 


tape recorder 
Series 3C/FN 


Tue Ferrograph Series 3C/FN, illustrated 
here, is a simultaneous dual-channel instru- 
ment, using staggered heads, which offers 
special facilities to those engaged in medical, 
aeronautical and other scientific research. 
Besides the normal ability to record simul- 
taneously time pulses on one track and 
intelligence on the other, it becomes immedi- 
ately obvious that many forms of comparative 
measurement, stereophonic sound, or indeed, 
any two activities capable of being trans- 
lated into electrical phenomena (within its 





frequency and phase shift limitations) can be 
recorded simultaneously and replayed when 
required. Thus, the scope of such an instru- 
ment, when used for Research purposes, is 
almost unlimited. 

Our wide experience in the design, manu- 
facture and application of high precision 
magnetic tape recording equipment in Industry 
will be made freely available to you on 
request. 


The Incomparable WEVFO graph 


BRITISH FERROGRAPH RECORDER CO. LTD., 131 Sloane Street, London, SWI. Tel: SLOane 2214/5 & 1510 


A Subsidiary of Wright and Weaire Limited 
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The reliability of modern instrumentation argues the Precision drawn resistance wires . Nickel cathode 
efficiency not only of the instruments themselves but of tubes . Grid support wire . Contacts and contact 
the specialised materials and components upon which their aprings' . Chedium ceewedepems 
performance depends. The contribution that Johnson 
Matthey S tO progress ie auton Pp $ control— 73 Beryllium Copper wire and strip . Bourdon, capillary 
and other important fields—is unobtrusive, but is none and pointer tubes . Wires for resistance thermometry 


Silvered mica capacitor plates . Fine fuse wires 


Platinum: rhodium-platinum thermocouples . Mallory 


the less vital. Silver brazing alloys. 


Specialised Products of 


. APR > . Technical data sheets describing the products 
Johnson <> Matthey 


listed above are available on request. 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, €E.C.1. Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004, 75-79 Eyre Street, Sheffield, |. Telephone: 29212 


E2 
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Manufacturers of: DIRECTIONAL 
AND OMNI - DIRECTIONAL 
VHF. AND UHF. ARRAYS, 
AERIAL FILTERS AND 
MATCHING NETWORKS, TO 
SUIT ALL CLIMATES 


rie V 
G e e & prod ucts are Among the principal users of G.S.V. Aerials are the following: 


AUTOMOBILE ASSOCIATION, AUTOMATIC 
TELEPHONE & ELECTRIC CO., BRITISH & FOREIGN 
the exacting conditions in POST OFFICES, CENTRAL REDIFFUSION, CROWN 
AGENTS, ECKO ELECTRONICS, GENERAL ELECTRIC 
all parts of the world — CO., HOME OFFICE, INTERNATIONAL AERADIO, 
including internally heated —!RAQ PETROLEUM, L.T.A., MARCONI’S WIRELESS 
TELEGRAPH CO., MINISTRY OF SUPPLY, MINISTRY 
aerials for use where severe OF TRANSPORT & CIVIL AVIATION, MULLARD, 
MURPHY, PYE TELECOMMUNICATIONS, REDIFON, 


tcing’ is experi enced—and — guriyt PETROLEUM, STANDARD 


are at present in operation TELEPHONES & CABLES, TRAWLER & WHALING 
FLEETS, TAXI SERVICES, POLICE, FIRE & 


in more than 50 countries. | AMBULANCE SERVICES, ETC. 


specially designed to meet 


G.S.V. Engineers have a wide experience of aerial problems and 
would welcome your enquiries. 


G.S.V. (MARINE & COMMERCIAL) LIMITED 
KNIGHT ROAD - STROOD - KENT ~- TELEPHONE: STROOD 78255/6 
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This K-18 connector is 
ACTUAL SIZE 
—made under U.S licence from 
Winchester Electronics Inc. 











NOW AVAILABLE 
FOR 
PROMPT DELIVERY 


| SERIES ‘K’ 
with 6, 12, 18 & 22 contacts 
CONTACT CENTRES .156’ 
END FIXING 


Solder-cups or rivet ends 


* 


SERIES ‘KKM’ 
with 6, 10, 12, 15, 18 & 22 
contacts 


CONTACT CENTRES .156” 
END FIXING 


Solder-eyelets 


* 





SERIES ‘KM’ 
with 14, 21, 31 & 37 contacts 


CONTACT CENTRES .078° 
END FIXING 
Solder-eyelets 


* 


Polarising-pins can be'‘fitted in any 
position (This applies to each series) 




















“eLECTRO % 
~-METHODS 


<n LTD 55555) 
(OF STEVENAGE ) 
























— the foremost manufacturers of 









Printed circuit 
connectors 


4 
S 













* 


GOLD-PLATED CONTACTS 


made from spring-tempered phosphor-bronze 
provide low contact-resistance, 
prevent corrosion and 
facilitate soldering. 


* 
MELAMINE MOULDINGS 


conforming to B.S.S. 1322 
provide high arc-resistance, 
high dielectric 

and mechanical strength. 


























Full technical data and illustrated } 





leaflets forwarded on request 
ELECTRO METHODS LTD. 
17-41 Caxton Way, Stevenage, Herts 


Telephone. Stevenage 780 


———EE 7 — 




















wo 


Pores Lb hee 


had to work fasteur 


to avoid coming to 


terms 


with any of his 











0.C. AMPLIFIER AND MICROVOLTMETER 
Cat. No. 11343/11353 


The most robust and 
stable of low level d.c. 
amplifiers: this is 
achieved by ‘the use of a 
self-contained oscillator, 
a high feed-back factor 
and efficient stabilising 
methods in the feed- 
back circuit 

Scale 10uV-0-l0uV. Zero 


irift + IuY per day. Noise level: less than 10~!' 5 watts. 


WwW. G. PVE & CO., LTD. 
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germs! 
x 


Please address com- 
plaints about this ad- 
vertisement or requests 
for information on Pye 
Chemical or Physical 
Instrumentation to:— 


THERMOCOUPLE 


TEST SET 
Cat. No. 7556 


A potentiometer, wheat- 
stone bridge, galvanometer 
and potential source with 
series resistance all forming 
one compact, portable unit. 


40kV ELECTROSTATIC VOLTMETER 
Cat. No. 11314 


Direct reading up to 40 kV d.c 
or 40 kV r.m.s. a.c. regardless of 
waveform: the instrument em- 
ploys a specially designed vane 
A bright lightband is projected 
on to the scale, which is 15 cm. 
long. Lamp may be operated 
from 4V battery or 200-250V 
fm] a.c. mains. No critical levelling 
m Limit of error + 2% fs.d 
Carefully insulated co eliminate 
leakage and discharge errors. 


Pasteur was one of the greatest 
discoverers in medical history— 
and his work has benefited 
millions of men, women and 
children. His work is carried on by 
scientists all over the world who 
are working, sometimes at great 
risk to themselves, to improve the 
lot of man physically and towards 
improving his environment. Many 
of these men use Pye Scientific 
Instruments, because of the 
precision and reliability which 

are assured by the designers and 
craftsmen in the W. G. Pye factory 
at Cambridge. 


—— au 


GRANTA 


WORKS, NEWMARKET ROAD, CAMBRIDGE 


Telephone: Cambridge 54411 Telegrams: Pye-Cambridge 


MAY 1958 





 VAPOUR-COOLED VALVES 


a —— 1 fA 
. 3 


Conditions sometimes exist both in industry and in communications where neither forced 
air cooling nor water cooling of high power valves is entirely satisfactory. Air may be so 
dirt laden that the cleaning of filters and radiators calls for undue effort and cost and at 
the same time water may be expensive, scarce or otherwise unsuitable. 

Under such conditions the E.E.V. vapour-cooled valves may give just the advantages 
needed: low water cost; built-in protection against failure of water supply; quiet 
operation; and greater overload capacity. Many types in the E.E.V. range of forced air 


and water-cooled valves are now available as vapour-cooled versions. Typical examples are 


Forced air-cooled | Water-cooled | Vapour-cooled 
BRI102 BWil02 BY1102 


"ENGLISH ELECTRIC [= ‘=~ Sons toa 





la 
: cc ; f Chelmsford, England 








AP101 
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let us demonstrate these superb 


Have you seen the new Solartron 
Double Beam CD 711 Solarscope 
being put through its paces? Now 
for the first time, you can choose 
adouble beam ‘scope of Solartron 
quality, embodying all the latest 
design features, and built to the 
highest standards of electronic 
engineering. 





CDO7il tar CD 715 


.BEAM 
BANDWIDTH Max. D.C.—7 Mc/s. at 100mV/cm Max. D.C 20Kc/s 
SENSITIVITY 3m V/cm.—100 V/cm : 10 mV/cm.—10V/cm 
"Y’ CALIBRATION Cal. shift. Accuracy % Special facilities 


'X’ CALIBRATION Cal. time scale. Accuracy + 5% ' Special! facilities 
TIME BASE Time scale 0.3 Sec./cm 3 Sec./em ray “go 10 Sec. to 
1, x 0.5 0.2, x 0.1, 
'X’ EXPANSION Continuously variable 10 0.05 
14” 10° 20° deep 


SIZE & WEIGHT 16" » 13° « 274" deep. 110 1b 47 Ib 


Solartron make 
the finest 
electronic equipment : 


PRECISION INSTRUMENTS 

POWER SUPPLIES 

COMPUTERS 

TRANSFER FUNCTION ANALYSER 
RADAR SIMULATORS 

ELECTRONIC READING AUTOMATON 
CYBERNETICS 

INDUSTRIAL CONTROLS 


S®) 


call in a S© 


\ rete 
~ _—_ 
~ _— a tty - 


_—— — 


THE SOLARTRON ELECTRONIC GROUP LIMITED 
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PRICES 


Home 4 Export 
F.O.B., packing extra) 


production ...and the new CD 814, which, particularly considering its co7li ow 
co7is £460 
AD 557 £275 
general use. The Solartron range of eight solarscopes covers every a an 
known application, based on intensive analysis of oscilloscope users’ CDSi3 «220 
. ‘ “ = ~~: F COS523S £265 
requirements. Specialist Instrument Engineers will visit to advise on cos ats 
CD 643 £490 


See also the new CD 643, the most accurate measuring oscilloscope in 


price, is a quite remarkable contribution to technical education and 


the choice of the right ’scope for your purpose. 














AD 557 CD 518 CD 568 CD 513 CD 523S CD 814 CD 643 


Max. D¢ | Me/s Max. D.C 5 Mc/s Max. D.¢ 5 Mc/s Max. D.C 10 Me/s Max. D.C 10 Mc/s Constant ! c/s.—8 Mc/s Constamt D.C.-15 Mc/s 


3 mV/cm.—100 V/cm 0.25 V/cm.—5 V/cm 0.25 Vicm.—5 V/cm 1 mV/cm.—10 V/cm 1 mV/em.—10 V/cm 30m Vicm.—30 V/cm 100 mV/cm.—60 V/cm 


Shift meter Shift meter Cal. sensitivity Cal. sensitivity Comparison met! hod Cal. shift 


5° . 
Cal. shift ° Accuracy 3° Accuracy 3% Accuracy 10%, Accuracy 10°, Accuracy , Accuracy +2% 


Cal. time scale ‘Cal Pips’ and sine Sine wave. Accuracy Cal. time scale Cal. time scale ‘Cal Pips’ Cal Pips’ and brightup 
Accuracy 10% wave. Accuracy +2% Py Accuracy 10% Accuracy 10°, Accuracy 5%, Accuracy +2% 


Time scale. I. Sec./cm Sweep time 100m. Sec Sweep time 100m. Sec Time scale 0.1 Sec./em Time scale 0.1 Sec./em Repetition Rate Time scale 0.1u Sec/em 
Sec./cm Iu Sec Iu Sec | Sec./cm 1 Sec./em 6 c/s—185 Ke/s 100m. Sec./cm 


Continuously variable 05 I > ‘ : Continuously Continuously 
10 oe , , . . variable x 10 variable « 100 


16)” =» 10° « 22” deep 2 : 4 18” deep } " » 22° dee ” x 23° 144 « 103" « 19)" deep 20° « 143° « 27}" deep 
70 ib 43 1b 140 Ib 


Solartron instrumentation 
has a key role in major 
scientific advances. Here, for 
example, is a Solarscope 
used in the development of 
ZETA. Stringent environ- 
mental tests by Service 
departments, prior to 
awards of  Interservice 
Approval, have also made 
dramatic demonstrations of 


on request. accuracy, robustness and : 
. Sheer reliability under i \ | 
ardous conditions. You can . | 

- 


rely on Solartron ‘ust as the 
Services do. 


specialist instrument engineer 


for expert advice and demonstration of the Solartron complete range of precision electronic instruments 


THAMES DITTON @ SURREY e Telephone: emBerbrook 5522 ¢ Cables: Solartron, Thames Ditton 
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Do 


_know about 
PULLIN 


SYNCHROS & SERVOCOMPONENTS 


These are new—and if you do not know about the Pullin- 
Kearfott range of high precision synchro and servocomponents, 
fill in and post the coupon below or ’phone for our up-to-the- 
minute catalogue of Pullin-Kearfott precision products. It 
gives descriptive and technical information on Size 11 Synchros 
and 7-Terminal Resolver, Size 10 Servomotor and Motor 
Generator, now in production—and other servocomponents 
planned and available shortly. 

Included in the catalogue are the Pullin low voltage motors, 
together with a range of high efficiency permanent magnet 
D.C. motors in standard synchro housings. 





Please send me full details of the Pullin-Kearfott range. | R. B. PU LLI N & co. LTD. 
PHOENIX WORKS 
GREAT WEST ROAD, MIDDLESEX. 


Telephone : 
EALing OOII-3 and 366I-4 


z 
) 
3 
® 








= 
a 
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music quality transmission 


in band 5 with 


NEW 600 Mc/s LINK 


This new Mullard development will be of — Frequency band . 660 to 665 Mc/s. 
Audio response. . ..... . .§0c/sto 10 kc/s + 2dB 


particular interest to broadcasting autho- Modulation system .............. FM. 

rities with requirements for fixed or mobile Teenanciater we Se ee ey eee is hese 

music links. Audio input Cree een ee ee a ee 
; - ; . (Alternatively a local 

It has an obvious potential in OB appli- handset may be used.) 

. : - CE ee ce yh el a eee . .+10dbm 

cations, particularly in areas where the (Alternatively 0.5 W into loudspeaker). 


lower VHF bands are overcrowded. Power supplies . . 110-120 & 200 250 volts A.C. mains 


teem 
Mullard 


SA 


Mullard is the trade mark of Mullard Limited. 


MULLARD EQUIPMENT LIMITED 


MULLARD HOUSE 
TORRINGTON PLACE - LONDON W.C.1 
® MPs! 
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If it’s Eleetronie... 


Remote Chronoscopic 
Indicator for provid- 
ing instantaneous and 
accurate indication of 
the frequency of A.C. 
mains. It is used in 
conjunction with a 
crystal controlled fre- 
quency generator, and 
has many applications. 
A frequency change of 
one in 10,000 can be 
readily seen on the 
chronoscope tube 


and you want it Designed and Developed or produced * 


to your Specification 
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Mobile sound and 
vision receiver de- 
signed and produced 
by P.A.M. LTD. for 
Marconi’s Wireless 
Telegraph Company 
Limited. It is pri- 
marily intended for 
use in studio and 
mobile control rooms 


A crystal controlled 
substandard frequency 
generator covering 
normal power fre- 
quencies and designed 
for rack mounting. 
Various forms of this 
instrument have been 
designed and de- 
veloped by P.A.M. 
LTD. 


Camera Recording 
surge voltmeter de- 
veloped from _ the 
original design of 
C.E.A.’s research la- 
boratories. A number 
are being installed at 
various points on the 
grid system 


P.A.M. LTD. Electronics De- 
partment combines the technique 


of several 


established 


companies, long- 


in the Electronic 


field, with the extensive modern 


production resources of P.A.M. 


LTD. 


Examples of recent work are illustrated. 


P.A.M. LIMITED 

Electronics Department 
MERROW, GUILDFORD, SURREY. 
Telephone: Guildford 2211 


One of the group of Companies associated with the 
Southern Areas Electric Corporation Limited 


* Whichever stage of the struggle you’ve reached, 
we can save you time and trouble - maybe money 
too - write or ‘phone without delay 
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The design and dimensions are to the international 
standard. With the sockets, backing plates can be 
supplied for complete insulation from the chassis. 
Please write for Leaflet No. 4992 


CARR FASTENER CO LTD 


STAPLEFORD 


NOTTINGHAM 


Sole Selling Representatives: THE BENJAMIN ELECTRIC LTD 


TOTTENHAM, N.17+ TEL: TOTTENHAM 9721 


Senee’s 127 


ELECTRONIC ENGINEERING 


MAY 1958 89 








HIGH FREQUENCY 
SIGNAL GENERATOR 
TYPE 201 








Some of the main features are; 


% Frequency range from 30 kc/s-30 Mc/s 
%* Crystal calibration 
% Harmonic components less than I per cent 


* Film scale giving actual scale length of 4 ft on each 


frequency range 
* 90 ; 1 slow motion drive with logging scale 
* High output of 5 volts 
%* Output level constant over entire frequency range 
% Modulation depth variable from 0-100 per cent 


* F.M. with A.M. less than 300 c/s 


IMMEDIATE DELIVERY PRICE £220 NETT 


Full details of this or any other Airmec instrument will gladly be forwarded upon request. 


AIRMEC HIGH WYCOMBE BUCKINGHAMSHIRE ENGLAND 


L M a T E D Telephone : High Wycombe 2060 Cables: Airmec High Wycomte 
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MICROWAVE COMMUNICATIONS ISSUE 


a 
No. 363 
we & 
Managing Editor: H. G. FOSTER, M.Sc.. M.LE.E. 
CONTENTS 


Microwave Communications 





A Survey of Microwave Radio Communication By W. J. Bray 
Microwave Line*of-Sight Propagation By M. W. Gough 
Tropospheric Scatter Propagation By G. Millington 


Microwave Link Development in the Radio Laboratories of the Post Office Engineering 
Department By C. F. Floyd and R. W. White 


G.P.O. Orders First All-Travelling-Wave-Tube Radio Links 

Surveying For Microwave Radio Relay Systems By L. E. Strazza and R. C. S. Joyce 
Microwave Radio Toll Systems By E. W. Anderson 
Tropospheric Scatter Communication By G. L. Grisdale 
British Television Equipment for Yugoslavia 


S.H.F. Radio Links Using Travelling-wave Output Amplifiers 
By G. Dawson and T. K. M. Korytko 


All Travelling-Wave Tube System By S. Fedida 
U.H.F./S.H.F. Portable Links in the BBC Television Service By T. H. Bridgewater 


Broadband Microwave Systems Employing U.H.F. Triodes 
By G. W. S. Griffith and B. Wilson 


Travelling-Wave Tubes in Radar and Communications By R. B. Coulson 
Travelling-Wave Tube Amplifiers By D. H. O. Allen 
Travelling-Wave Tubes for 4 000Mc/s By P. F. C. Burke 
Reflex Klystrons By A. H. Atherton 
Multi-Cavity Klystrons By V. J. Norris 
Coaxial-line Velocity Modulated Oscillator Valves By D. E. Lambert 
Backward Wave Oscillators By A. G. Stainsby 


Triodes and Tetrodes for U.H.F..S.H.F. Operation 
By C. A. Tremlett and A. D. Williams 


Ferrite Components in Microwave Systems By B. L. Humphreys 


U.H.F. Power Meter for Operation in the 2 000Mc/s Communication Band 
By J. K. Murray 


The White-noise Method of Measuring Crosstalk and Noise Interference in Multi- 
channel Telephone Link Systems By J. F. Golding 


Book Reviews 

Electronic Equipment 

Short News Items 

CLASSIFIED ADVERTISEMENTS Page |! 
INDEX TO ADVERTISEMENTS Page 167, 168 





PUBLISHED MONTHLY on the last Friday of the preceding month by 


MORGAN BROTHERS (PUBLISHERS) LIMITED 
at 28, Essex Street, Strand, London, W.C.2. 

Telephone: CENtral6565 Telegrams: ‘Lectroning, Estrand, London’ 

Annual Subscription: Home and Overseas £1.16.0 post free, Canada and U.S.A. $5 
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Travelling 


wave tubes 
for U.H.F. 


communications 


Original work on the development and production 
LA4-250 Travelling wave tube 


: , ; with permanent magnet 
tributions Mullard is making in the advance of periodic focusing. 


of travelling wave tubes is one of the major con- 


U.H.F. communications. Abridged data for four 
of these special types is shown here. Full details of 
these and other U.H.F. & S.H.F. tubes, including 
klystrons, backward wave oscillators and disc seal 


valves, are available from the address below. 





Frequency | Power Noise | Power | Helix Beam agers 
Type | Description Range Output _ factor | Gain Volts | Current Bam 
| (kMc/s) | (Ww) | (4B) | (@B) | (¥) | (mA) 


ex , | 
Low noise signal 
LA4-2 amplifier 3.6to 4.2 | 0.002  <9.5 20 600 0.15 





Intermediate | | | : os 
LA4-250 | “power amplifier | 2-6 to42 | 0.25 = 2s 35 COMMUNICATIONS AND 


LB4-2 | Power amplifier 360042 /20 | — | 25 ie INDUSTRIAL VALVE DEPARTMENT 


Broadband signal 
LA9-3 amplifier 7 to II.5 0.005 25 





Mullard Limited, 
Mullard House, Torrington Place, London, W.C.1. LANgham 6633. 


@ MVT350 
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Microwave Communications 


HE wideband multi-channel microwave radio link 

is a branch of communications that has expanded 
enormously of late years and it owes much of its 
development to the radar techniques originated during 
the war. 

It has now become one of the accepted methods of 
carrying from point to point a large number of separate 
telephone channels or, alternatively, a wide band 
television signal. 

The multi-channel radio link itself is no new thing 
for much development work was carried out before 
the war in the v.h.f. band and valuable contributions 
to the techniques were made on both sides of the 
Atlantic. Interest in the band of frequencies above 
300Mc/s for commercial purposes began to grow im 
1930 onwards and one of the first microwave links was 
set up on an experimental basis in 1931. This was the 
microwave link across the English channel between 
Dover and Calais. Operating at what was then regarded 
as an extremely high frequency of 1 700Mc/s with a 
radiated power of about half a watt it was regarded 
as an enormous advance on the techniques of the day 
and it demonstrated that the little used band of 
frequencies from 300 to 3000Mc/s—the Ultra High 
Frequency Band—was ripe for exploitation. 

There followed in 1934 what was probably the 
world’s first microwave link operating on a regular 
commercial basis between the airports of Lympne in 
Kent and St. Inglevert in France, a distance of some 
35 miles. 

A halt to further progress was caused by the out- 
break of war but the many radar techniques of the war 
period and the advent of special types of valves such 
as the klystron and the travelling wave tube, which were 
developed for radar purposes, were to make a great 
contribution when hostilities ceased. 

One of the first microwave links to take advantage 
of the new techniques was installed in 1949 between 
London and Birmingham. This link operated at a 
frequency of 900Mc/s anc was designed to carry a 
single channel television link from London to the 
BBC’s new television transmitter at Sutton Coldfield. 
It was followed in 1952 by another microwave link on 
4000Mc/s from Manchester to Edinburgh to convey 
the BBC’s television signals to Kirk o’Shotts. 

Since then, similar systems have been installed in 
Europe and it is interesting to recall that in 1954 when 
the Coronation ceremonies were televised, an extensive 
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network of microwave systems had been brought into 
being to link the countries of Europe for this occasion. 

Investigations had also shown that the microwave link 
offered distinct possibilities for use in multi-channel 
telephony and in 1946 the British Post Office set up 
its own experimental link between London and Castle- 
ton, near Cardiff. It was used in 1949 to convey the 
BBC’s television signal to Wenvoe and, although 
operating at a frequency of 200Mc/s, it was one of 
the first links to use frequency modulation for the 
transmission of television. Much valuable information 
was gained on the problems involved in the use of this 
form of modulation and the Post Office followed this 
installation by a single hop frequency modulated micro- 
wave link across the Moray Firth, carrying 240 separate 
telephone channels and designed to meet C.C.LT.T. 
standards as far as conditions would permit. 

The foregoing is a very brief account of the history 
and development of post war microwave communica- 
tions but however incomplete this may be, reference 
should be made to enhanced possibilities that are sug- 
gested by tropospheric propagation. 

It has been evident for a number of years that the 
propagation of microwaves could extend for distances 
considerably beyond the horizon and Marconi himself 
was one of the early pioneers in this respect. 

Several theories have been put forward to account 
for this new phenomenon of tropospheric scatter 
propagation but the mechanism is not yet fully under- 
stood and much investigation remains to be carried out. 
It does, however, appear that long distance microwave 
propagation, including the bridging of the Atlantic, is 
within the bounds of possibility. 

The world wide interest in microwave transmission 
and tropospheric propagation has grown to the extent 
that it was felt that the time is appropriate to present 
a survey of current British practice in this field and 
this month’s issue has been given over to this purpose. 

It deals principally with propagation, both line of 
sight and tropospheric, microwave systems and their 
essential components, such as valves. Radar and navi- 
gational devices have been excluded. 

The amount of reading matter included in this issue 
is probably more than can normally be digested in a 
month, but the subject to be covered is an extensive 
one and care has been taken to make the survey as 
complete and as representative of British practice as 
is possible. 
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A Survey of 
MICROWAVE 


RADIO 


COMMUNICATION 


By W. J. Bray*, M.Sc.(Eng.), M.I.E.E. 


This article is a broad survey of line-of-sight 
and tropospheric forward-scatter radio 
communication systems operating in the 
frequency range from about 1000 to 
10000Mc/s, for the transmission of multi- 
channel telephony and _ television signals. 
The applications of such systems, the 
transmission requirements, the factors deter- 
mining the choice of frequency, and the 
basic equipment techniques are described. 
Possible future developments are _ also 
considered. 


HIS article is a broad survey of microwave radio com- 

munication systems existing in the United Kingdom and 
elsewhere, and of current developments in this field. Most 
of the systems discussed are intended to operate on fre- 
quencies in the range 1 000 to 10000Mc/s. They may be 
divided into two main classes: 


(a) Low-power systems with line-of-sight paths between 
adjacent stations, the paths being some 10 to 50 
miles in length’ *. 


(b) High-power systems with paths extending well 
beyond the visible horizon up to 200 miles or more 
long; these systems include ‘ tropospheric-scatter ° 
systems? ’. 

Microwave communication systems with line-of-sight 
paths are rapidly assuming a position of considerable 
importance in the field of telecommunications and in many 
respects such systems are competitors to wire-line and 
coaxial-cable systems. A wide range of applications is 
possible, extending for example from systems providing a 
small number of telephone circuits to systems providing 
several thousands of telephone circuits or several tele- 
vision channels over distances of a thousand miles or more 
with the high standards of performance and reliability 
essential for national and international trunk circuits. 

The increasing use of ‘ line-of-sight’ microwave systems 
may be attributed to the following advantages: 

(1) In some applications the capital cost and annual 

charges are less than for line or coaxial-cable systems 
of comparable capacity and performance. 


* Post Office Engineering Department 
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(2) Microwave systems can often be installed more 
rapidly than line systems. 

(3) Additional capacity can be provided quickly once a 
chain of relay stations has been established. 

(4) Microwave systems are well adapted to the provision 
of communications in difficult terrain, particularly in 
sparsely populated, mountainous or densely wooded 
areas, where line systems may be impracticable or 
unduly costly. 

There are however certain disadvantages which must be 
recognized and taken into account in the planning of such 
systems, Viz. : 

(1) The siting requirements of the stations are often 

critical and there may be difficulties in obtaining 
suitable sites due, for example, to objections from 
local planning authorities or unwillingness of land 
owners to sell. 
Mains power supplies or access roads may not be avail- 
able, or available only with difficulty, at some sites. 
Adverse propagation conditions may at times cause 
a deterioration of performance due to fading; while 
this deterioration can be minimized by suitable equip- 
ment design and choice of paths, it cannot be com- 
pletely eliminated. 

The above discussion applies primarily to low-power 
microwave systems with line-of-sight paths; high power 
tropospheric-scatter systems are a comparatively recent 
development and have as yet been used only on a relatively 
limited scale; these systems are discussed later in the present 
article (see also Millington and Grisdale page 248 and 275 
this issue). 
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Applications of Micrewaye Systems 

The main fields of application for microwave communi- 

cation systems are as follows: 

(a) “Integrated” fixed systems for multi-channel tele- 
phony or television, forming part of national or 
international networks. 

(b) “Non-integrated” fixed systems for multi-channel 
telephony or television, not normally, or only 
occasionally, interconnected with the national or 
international networks. 

“Transportable” systems, generally for outside broad- 
cast television purposes, which may be interconnected 
at times with the national or international networks 
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Fig. 1. Post Office microwave links in operation and being installed in the 
United Kingdom (Feb. 1958) 


(a) INTEGRATED MICROWAVE SYSTEMS 

Typical “integrated” microwave systems in operation or 
being installed in the United Kingdom are shown in Fig. 1; 
the buildings and aerials of a typical repeater station are 
shown on page 226 and the equipment is shown in Fig. 2 

In the United States of America, some three quarters of 
the total mileage of long-distance television channels and 
about a quarter of the total trunk telephone circuit-mileage 
owned and operated by the American Telephone and Tele- 
graph Co. are now provided by microwave systems, and 
the proportion of trunk telephone circuit mileage provided 
by microwave is expected to approach a half the total in 
ten years’ time. These systems are mainly of the ‘low- 
power line-of-sight’ type, although some _ tropospheric- 
scatter systems are beginning to make their appearance. 

In addition to the strictly ‘microwave’ systems using 
frequencies above about 1 000Mc/s, use is also made in 
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the United Kingdom and elsewhere of systems operating 
at frequencies around 150 and 450Mc/s for the provision 
of blocks of up to 24 or 48 telephone channels. The main 
field of application of the latter systems in the United 
Kingdom has been for the provision of communications 
between the mainland and off-shore islands; in Overseas 
countries extensive inland networks have also been set up 
with this type of system. 


(b) NON-INTEGRATED FIXED MICROWAVE SYSTEMS 
Non-integrated microwave systems are used in 
countries for such purposes as the communications net- 
works of the fire, police, forestry and highway maintenance 
services, oil pipe line and electricity power line communi- 
cations, railway and highway communications and for the 
broadcast auxiliary services (e.g. studio to transmitter links). 


some 


Fig. 2. Typical microwave radio-relay station equipment 
(c) TRANSPORTABLE MICROWAVE SYSTEMS 
The transportable microwave systems referred to here 
are essentially point-to-point systems set up and operated 
for a few hours or a few days in one location and then 
moved to a new location. Typical examples are the micro- 
wave equipments used by the British Broadcasting Corpora- 
tion and the Programme Contractors of the Independent 
Television Authority in this country for relaying television 
and in some cases sound signals from the scene of an 
outside broadcast to a point on the Post Office network 
for onward transmission to the television control centre 
of the broadcasting organization*” (see Bridgewater, page 
291, this issue). 


Choice of Frequency : The Frequency Bands For Micro- 
wave Systems 

Microwave systems for television or some hundreds of 
telephony channels occupy several megacycles per second 
of frequency space for each direction of transmission, and 
if several broadband channels are to be provided on the 
same route for both directions of transmission, hundreds 
of megacycles per second of frequency space are required 
It follows that sufficient space can only be found if fre- 
quencies above about | 000Mc/s are used 
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Electromagnetic waves with frequencies above about 
1000Mc/s are propagated more or less freely over line- 
of-sight paths but above about 10 000Mc/s, appreciable 
absorption is introduced at times by rain, fog and snow; 
at still higher frequencies, above 20,.000Mc/s, absorption 
by water vapour and oxygen in the atmosphere becomes 
significant”. 

Low-power microwave systems must use sensibly line-of- 
sight paths between the transmitting and distant receiving 
aerials in order to avoid excessive loss of signal strength. 
Obstructions such as the surface of the earth, buildings, 
trees etc. should preferably be removed from the direct 
transmission path by at least ‘ first Fresnel zone’ clearance 
even under the most unfavourable condition of atmospheric 
refraction; this implies that the path from one aerial to 
the other via any obstruction should be at least one half- 
wavelength longer than that via the direct path. There is 
an additional requirement that appreciable reflected com- 
ponents should not be received from outside the Fresnel 
zone since the resulting multi-path transmission may impair 
transmission quality. 

As the frequency is increased both the gain and the 
directivity of microwave aerials of a given size increase, 
the beamwidth correspondingly decreases; furthermore, the 
width of the Fresnel zone also decreases so that the neces- 
sary obstacle clearance is more readily obtained at the 
higher frequencies. These advantages are, however, offset 
to some extent by the tendency for fading to be greater at 
the higher frequencies. 

Summing up, it may be said that the range from about 
1000 to 10 000Mc/s is particularly suitable for microwave 
line-of-sight systems, but frequencies up to 15 000Mc/s can 
be used effectively under suitable conditions. 

The frequency bands allocated in the United Kingdom 
for microwave systems conform with the agreement reached 
by the member countries of the International Telecom- 
munications Union at Atlantic City in 1947. For example. 
frequencies around 2 000, 4000 and 6 SO0Mc/s are avail- 
able for integrated systems. 

As already mentioned frequencies around 150 and 
450Mc/s are also used for the smaller capacity systems, 
sometimes on a shared basis with mobile services where 
adequate geographical separation is possible. These lower 
frequencies have the advantages that longer paths, and 
some obstruction of the paths, can be tolerated and the 
equipment is often cheaper. 

Although the less favourable propagation characteristics 
of frequencies above 10000Mc/s restrict the range to a 
certain degree, there are compensatory advantages, for 
example the equipment is more compact and there is at 
present less demand on the available frequency space. 


Transmission Requirements 

In general the telephony or television channels provided 
by integrated microwave systems may, at times, form part 
of international connexions several thousands of miles long. 
It follows that the transmission characteristics in respect 
of noise, gain stability, bandwidth and amplitude linearity, 
and in the case of television channels, waveform distortion. 
must be such as to permit satisfactory transmission over 
these long distances. 

Two international bodies, both forming part of the 
International Telecommunication Union (I.T.U.), are res- 
ponsible for the preparation of recommendations facilitat- 
ing the setting up of long international circuits, viz. the 
International Radio Consultative Committee (C.C.I.R.), 
and the International Telegraph and Telephone Consulta- 
tive. Committee (C.C.L.T.T.). The C.C.LR. through its 
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Study Group IX, is responsible for the preparation of 
recommendations relating to microwave systems"; the 
C.C.LT.T., through its Study Group III, is concerned with 
the introduction of such systems into the general line tele- 
communication network. The C.C.I.R. and the C.C.LT.T. 
are thus both concerned in the formulation of the trans- 
mission requirements of international microwave systems. 


The recommendations of the C.C.I.R. in respect of the 
transmission requirements of microwave systems are in 
close conformity with the corresponding recommendations 
of the C.C.LT.T. for line systems, but take into account 
the special characteristics of microwave systems, e.g. the 
higher noise levels that may occur for a very small per- 
centage of the time due to fading. 


Noise REQUIREMENTS FOR TELEPHONY AND TELEVISION 


In a microwave system the noise requirements are of 
particular interest since these determine the transmitter 
power, aerial size and other parameters of the system. One 
important source of noise is that due to valves and mixers 
in the early stages of receivers and repeaters, since external 
radio noise is generally negligible; this noise is a maximum 
when the fading is deepest. In a telephony system additional 
noise may arise due to intermodulation between the signals 
in the various telephony channels; this noise is a maxi- 
mum when most channels are active, i.e. during the busy 
hours. In general the noise in a microwave system is fairly 
steady at a low value for most of the time but there are 
occasional surges of higher level due to fades: by suitable 
system design and planning these surges can be confined 
to a negligibly small percentage of the time. 

The permissible noise levels are defined internationally 
in terms of ‘hypothetical reference circuits’ 2 500km 
(1 600 miles) long with a specified number of modulation 
and demodulation processes (Rec. No. 200, 201, 202 and 
203 Ref. (11) and Doc. 12, Ref. (12)); if these levels are 
expressed in terms of a typical microwave system 250km 
(160 miles) long the resulting signal-to-noise ratios are as 
follows : 

Telephony channel (300c/s to 3-4kc/s); the ratio of the 
level of a test-tone (ImW) at a point of zero relative level 
to the mean value of psophometric noise in any hour should 
exceed 63dB. (The higher levels of noise permissible for 
very short periods of time have not yet been defined.) 

Television channel (450 line system, 50c/s to 3Mc/s or 
625 line system, 50c/s to SMc/s): the ratio of the peak-to- 
peak signal to r.m.s. noise should not be less than 40dB 
for more than 0-1 per cent of the time (linear noise distri- 
bution, i.e. rising with frequency by 6dB per octave, in 
the video band). 

The foregoing relates to the transmission requirements 
in respect of noise that are desirable for integrated micro- 
wave systems forming part of long international con- 
nexions; in the case of other systems, not integrated with 
the general network, appreciably higher levels of noise 
are permissible and still enable satisfactory service to be 
provided. 


WAVEFORM TRANSMISSION REQUIREMENTS FOR TELEVISION 

The waveform transmission requirements are of great 
importance for television signals and it is now customary 
to specify the requirements in terms of a rating factor K, 
defining the permissible distortion of a number of test 
signals including the following: 

(1) A pulse of sine-squared envelope and half-amplitude 
duration 0-17usec (405 line system) or 0-10usec (625 
line system). 

(2) A 40usec bar test signal. 
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(3) A 50c/s square-wave test signal. 

The detailed determination of the K-rating from the 
received signal waveform is described elsewhere”; as a 
guide it may be said that a K-rating factor of 1 per cent, 
which is considered permissible for a 250km (160 mile) 
link, would correspond to a long-delay echo of 1 per cent 
observed with test signal (1), a tilt of 2 per cent on test 
signal (2) or a tilt of 4 per cent on test signal (3). 

Space does not permit a complete statement of all the 
transmission requirements for telephony and television; 
reference should be made elsewhere™-” for more detailed 
information. 


Line-of-Sight Microwave Systems 

The basic elements of a multi-section radio-relay system 
using line-of-sight paths are shown in Fig. 3; such a system 
comprises two terminal stations and a chain of repeater 
stations spaced at intervals of some 20 to 50 miles. At 
the terminal stations a microwave carrier is generated, 
modulated by the multi-channel telephony or television 
signal to be transmitted, and after amplification to a power 
of a few watts, is applied to a directional aerial for radia- 
tion to the first intermediate or repeater station. At the 
repeater station the microwave signal is received on a 
directional aerial, is amplified and shifted in frequency to 
avoid interference between the incoming and outgoing 
signals and is then re-radiated to the second repeater 
station and so on. The microwave signal at the distant 
terminal station is, after amplification, demodulated and 
the multi-channel telephony signal recovered. 

In the system shown in Fig. 3, four frequencies fi, fe, f 
and f, are used to avoid crosstalk over the dotted paths 
a, b and c. With adequate aerial directivity however it is 
possible to reduce the number of frequencies required to 
two, i.e. to f; and fe, as shown in brackets in the Figure. 


MULTIPLEXING TECHNIQUES FOR TELEPHONY 

With a few exceptions general practice in integrated 
microwave systems is to use frequency-division multiplex- 
ing (f.d.m.) when a number of telephony channels are to 
be transmitted on the same carrier. The f.d.m. signal com- 
prises a number of telephony channels arranged side-by-side 
in the base-band* as shown in Fig. 4; each telephony channel 
transmits audio frequencies from 300c/s to 3-4kc/s, the 
base-band signals being in the form of single-sideband 
signals with suppressed carriers at intervals of 4kc/s. The 


* The term‘ base-band* designates the band of frequencies transmitted by the 
microwave system between its input and output terminals 
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Fig. 4. Frequency-division multiplex multi-channel telephony signals 
lower and upper frequency limits required for typical 
systems with various numbers of telephony channels are 
shown in Table 1. The frequencies given are those recom- 
mended by the C.C.I.R. for radio systems (Rec. No. 19], 
Ref. (11)), and are compatible with those recommended by 
the C.C.L.T.T. for line systems. 


TABLE 1 


Base-band Frequency Limits for Various Numbers of Telephony Channels 





NUMBER OF CHANNELS BASE-BAND FREQUENCY LIMITS (KC/S) 
12-60 or 60-108 
12-108 
12-252 or 60-300 
12-552 or 60-552 
60-1052 


12 (1 group) 

24 (2 groups) 

60 (1 supergroup) 
120 (2 supergroups) 
240 (4 supergroups) 





600 (10 supergroups) 60-2540 
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Consideration is now being given to microwave systems 
with even larger capacity, e.g. 1 800. or more telephony 
channels, in which case the base-band might extend from 
60 to 8 500kc/s; a microwave system for up to 2 220 tele- 
phone channels has been developed by the Bell Telephone 
Laboratories’. 

The use of f.d.m. techniques is of course an important 
advantage when line and microwave systems are to be inter- 
connected, since little or no additional equipment is 
required at the point of interconnexion; it also permits the 
use of standardized multiplex terminal equipment through- 
out a mixed line and microwave radio network; and the 
use of common techniques for dropping and _ inserting 
blocks of channels. 

Time-division multiplex (t.d.m.) techniques have also 
been used in systems providing up to 24 or 48 telephone 
channels. In t.d.m. systems pulses with a half-amplitude 
duration of a few microseconds are modulated in ampli- 
tude, width or position by the audio signals to be trans- 
mitted; each pulse in a train of pulses corresponds to a 
different telephony channel and the train of pulses is 
repeated at a frequency at least twice the highest audio 
frequency to be transmitted, e.g. 8kc/s. The main advan- 
tages of t.d.m. techniques are that the terminal equipment 
is cheap and compact, amplitude linearity of the micro- 
wave links is unimportant, and individual telephony 
channels can readily be dropped and inserted; however, 
t.d.m. systems cannot be interconnected with f.d.m. systems 
except on an audio-to-audio basis. T.D.M. systems also 
require considerably greater frequency space than f.d.m. 
systems of similar capacity and are not suitable for large 
numbers of telephone channels because of the very narrow 
pulses and large bandwidths that would be required. 


TRANSMISSION OF TELEVISION SIGNALS 


Microwave systems are well adapted to the transmission 
of television signals since the video signal may be trans- 
mitted directly in the base-band, i.e. without modulation 
on to a sub-carrier as is necessary in a long coaxial-cable 
system in order to avoid low-frequency interference and 
delay distortion. Furthermore, little or no equalization is 
required in a microwave system whereas in a long coaxial- 
cable system the equalization required to correct the 
variation of the cable attenuation over the frequency band 
of the television signal may amount to hundreds of 
decibels. 


In current practice, and for monochrome television, the 
video signal is transmitted over radio-relay systems without 
modification; however, it would appear that there are signi- 
ficant advantages to be obtained by the use of pre-emphasis, 
i.e. the attenuation of the lower video components by some 
15dB relative to the high frequency components before 
transmission, the appropriate de-emphasis correction being 
applied at the output of the terminal receiver. Pre-emphasis 
enables the same modulators and demodulators to be used 
either for television or for multi-channel telephony, thus 
facilitating the interchangeability of broad-band channels 
and the use of a common standby channel in a multi-r.f. 
channel system transmitting both television and multi- 
channel telephony. It would also appear, from experience 
in the U.S.A., that pre-emphasis facilitates the transmission 
of colour television signals over microwave links by mini- 
mizing the differential delay and amplitude distortion of 
the chrominance sub-carrier signal. 

Microwave systems of very large capacity, e.g. 1 800 
or more telephone channels, may be used alternatively to 
provide a television channel together with some 600 or 
900 telephone channels on a single microwave carrier; 
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such systems would offer marked economic advantages on 
routes where traffic requirements are heavy compared with 
systems using a number of carriers to provide the same 
capacity. 

MODULATION METHODS 


Frequency modulation is in general use for f.d.m. multi- 
channel telephony with 12 to 600 or more channels and 
for television transmission over microwave systems; both 
frequency modulation and amplitude (pulse) modulation 
are used for t.d.m. multi-channel telephony with up to 48 
channels. 

The reasons for this general preference for frequency 
modulation as compared with amplitude modulation are 
as follows: 


(1) The transmission of f.d.m. multi-channel telephony 

signals requires a highly linear relation between the 
input and output amplitudes of the base-band signal 
if crosstalk between the telephony channels is to 
be avoided; at the present state of the art this is 
more readily achieved with f.m. than with a.m. 
By using f.m. with deviation ratios greater than unity 
a substantial improvement in signal-to-noise ratio 
can be obtained in both multi-channel telephony 
and television systems. To obtain an equal improve- 
ment in an a.m. system would require appreciably 
larger aerials or increased transmitter power. 


The use of f.m. for television results in a distribution 
of noise in which most of the noise is concentrated 
at the higher video frequencies, where it is less visible 
than at low video frequencies; furthermore and for 
a similar reason, echo signals are less visible with 
f.m. than with a.m. 


However, the use of f.m. for the transmission of f.d.m. 
multi-channel telephony places stringent requirements on 
the uniformity of the group-delay/ frequency characteristics 
of the intermediate frequency and microwave components 
of the system if crosstalk between telephony channels is 
to be avoided. For the same reason the levels of echo 
signals, e.g. arising from impedance mismatch in feeders 
or in the radio path, must not be excessive”. 


AERIALS, FEEDERS, BRANCHING FILTERS AND ISOLATORS 


The chief requirements of the aerials for a microwave 
system are: high gain to reduce the transmitter power 
required for a given signal-to-noise ratio, good directivity 
to minimize interference to and from other systems and 
to reject echoes due to reflections from buildings, hillsides 
etc., in the radio path, good impedance matching between 
the aerial and its feeder to minimize reflections which 
would otherwise cause echoes in television systems or 
crosstalk in multi-channel telephony systems. 

Perhaps the most commonly used aerials in microwave 
systems are those employing parabolic reflectors or mirrors 
with a waveguide feed or feed horn at the focus, Fig. 5(a). 
The sizes of parabolic reflectors used range from about 
3 to 6ft diameter for mobile equipment, to 12 or i5ft in 
diameter for fixed systems; the power gain is proportional 
to the area of the aperture and is some 40dB relative 
to a non-directional or isotropic aerial in the case of a 
4000Mc/s aerial with a diameter of 12ft, the correspond- 
ing beam-width at half power being about 3°. In some 
cases arrangements are made for the aerial to be energized 
with two planes of polarization simultaneously, e.g. to 
enable a single aerial to be used simultaneously for trans- 
mission and reception on nearby frequencies. The maxi- 
mum bandwidth available on parabolic reflector aerials is 
usually of the order of 10 to 20 per cent of the mid-band 


MAY 1958 





frequency, this being adequate for systems with several 
radio frequency channels on the same aerial. 


In the case of heavily loaded main-route microwave 
systems it may be advantageous to accommodate three 
frequency bands centred on say 2 000, 4000 and 6 500Mc/s 
on the same aerial; in such cases the horn-reflector aerial 
shown in Fig. 5(b) can be used. This type of aerial has 
excellent impedance matching properties over a frequency 
range of four to one or more, together with very low levels 
of radiation in unwanted directions. 

Although air-spaced coaxial feeders are used up to about 
2 000Mc/s, the losses and impedance irregularities of such 
feeders tend to be prohibitive at higher frequencies and 
rectangular waveguides are generally used at 4000Mc/s 


modulated, e.g. by means of a reactor valve in u.b.f. 
systems, or directly using a klystron oscillator in 
s.h.f. systems, Fig. 6(a). 

In which an intermediate-frequency carrier is fre- 
quency modulated and this if. carrier is combined 
with a radio-frequency carrier in a frequency-changer, 
thus producing the required output frequency, Fig 
6(b). 

Arrangement (2) is more complex but has certain advan- 
tages, e.g. the frequency modulator is a standard unit 
working on the same frequency irrespective of the radio 
frequency used. Furthermore the functions of frequency 
stabilization and modulation of the carrier are carried out 
separately and generally more effectively. 
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Fig. 5. Microwave aerial systems 
(a) Parabolic reflector 
(b) Horn reflector 
(c) Plane-reflector 


upwards; the loss of a typical 2-4in by 1-lin copper wave- 
guide at 4000Mc/s is about 1dB/100ft. 

Plane reflectors are sometimes used, as shown in Fig. 
5(c); such reflectors enable the aerials to be kept near 
ground level, thus facilitating maintenance and avoiding 
the need for, and cost of, long feeders. 

Where transmit and receive radio-frequency channels 
are to be combined for application to a common aerial, 
or when several transit (or receive) channels are to be 
combined for this purpose, branching filters using coaxial- 
line techniques up to 2000Mc/s or waveguides techniques 
at 4000Mc/s upwards are available. 

The non-reciprocal properties of ferrite-loaded coaxial 
or waveguide components can be used to minimize the 
effects of impedance mismatch in long feeders; these 
‘isolators’ are particularity useful when transmitters with 
frequency-modulated oscillators are to be operated directly 
into long feeders without a buffer amplifier”. 


TERMINAL TRANSMITTERS AND RECEIVERS 

The basic arrangements of typical frequency-modulation 
terminal transmitters are shown in Figs. 6(a) and 6(b): 
they are of two main types: 

(1) In which a radio-frequency oscillator is frequency- 
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In the case of multi-channel telephony microwave 
systems the mean frequency of the carrier is stabilized; in 
most of the television microwave systems in current use 
the carrier frequency corresponding to the tips of the 
synchronizing pulses is stabilized. However, as noted earlier, 
there is now a tendency in television microwave systems to 
use * pre-emphasis’; this removes most of the asymmetry 
of the video waveform and enables mean-frequency stabili- 
zation of the carrier to be employed, it also enables the 
same modulators and demodulators to be used for television 
and multi-channel telephony. 

In the case of microwave equipment for fixed links pro- 
viding large numbers of telephone channels or a television 
channel with the high standards of performance necessary 
for long national or international connexions it is usual to 
interpose an amplifier, e.g. a travelling-wave tube, between 
the frequency-modulated oscillator and the aerial in order 
not only to provide a higher power output but also to 
isolate the oscillator from feeder reflections. This avoids the 
non-linearity due to frequency-pulling that would other- 
wise occur; in the case of mobile television link equipment, 
cr multi-channel telephony equipment providing a relatively 
small number of telephone channels, the frequency- 
modulated oscillator feeds the transmitting aerial directly, 
or if a long-feeder is used, via a ferrite isolator”. 
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Fig. 6. Basic arrangements of terminal transmitters, termina! receivers and 
repeaters 
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Terminal receivers are almost invariably of the super- 
heterodyne type with a frequency-stabilized local oscillator, 
as in Fig. 6(c); the superheterodyne principle is used 
because it enables the desired gain to be readily achieved 
and facilitates automatic gain control, limiting and de- 
modulation, which are at present difficult to achieve at 
radio-frequency. 

The C.C.1.R. has indicated preferred values for the base- 
band signal levels and impedances, and for the modulation, 
intermediate-frequency and radio-frequency characteristics 
of microwave radio-relay systems used for international 
connexions (Rec. Nos. 184 to 195, Ref. (11)). 


REPEATERS 

The repeaters generally employed are of the non- 
demodulating type to avoid an increase in distortion and 
noise, and the greater level instability that would be entailed 
by the use of repeaters in which the signal appears at the 
base-band and is then modulated on to a carrier for onward 
transmission. 

A typical non-demodulating repeater is shown in Fig. 
6(d); such a repeater incorporates two frequency changes 
in the main signal path, the first change is from the in- 
coming radio frequency f; to an intermediate frequency 
fic at which most of the required gain is achieved, the 
second frequency change is from the intermediate frequency 
to the outgoing frequency f2. Automatic gain control and 
some limiting are provided at intermediate frequency in 
order to stabilize the output level. The output from the 
second frequency changer is amplified to a power level 
suitable for radiation to the next repeater station. 


To avoid cumulative frequency errors provision is made 
for deriving the local oscillator feeds for the first and 
second frequency changers from a common radio-frequency 
source; in the example shown in Fig. 6(d) the radio- 
frequency oscillator feeds the second frequency-changer at 
a frequency f = fo +fir and the feed for the first frequency- 
changer is obtained from it by modulating a portion of the 
radio-frequency oscillator output by the shift frequency 
fo = fe —fi in a third frequency-changer, the sideband 
frequency f; + fir being selected and used. 


It is not essential to translate the incoming signal to an 
intermediate frequency in a non-demodulating repeater, 
all the necessary amplification can be achieved at radio 
frequency. For example, a repeater may consist of a 
two-stage low-noise travelling-wave tube amplifier with 
fast-operating automatic gain control, followed by a travel- 
ling-wave tube used as a frequency-changer” and finally 
a travelling-wave tube power amplifier, Fig. 6(c). In such 
a repeater the shift-frequency oscillator f, is applied to 
the travelling-wave tube frequency changer and generates 
sidebands f; + fo, one of which is selected and amplified. 


MUuLTI-R.F. CHANNEL SYSTEMS 


In the case of heavily loaded routes it may be necessary 
to provide several independent broad-band channels over 
the same route. The wide bandwidths that can be accom- 
modated on microwave aerials makes it possible to use the 
same aerial for a number of r.f. channels, simultaneously 
for transmission and reception if required. Such an -arrange- 
ment reduces the cost of a link, not only by reducing the 
number of aerials and feeders but also by enabling lighter 
and the therefore cheaper towers or masts to be used to 
support the aerials. 

A repeater for three r.f. channels is shown schematically 
in Fig. 7; in this case each aerial transmits and receives 
three r.f. channels simultaneously. A bi-polar feed can be 
used to provide some discrimination between transmitted 
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and received signals on the same aerial. Additional dis- 
crimination is provided by the selectivity of the repeaters 
and the associated band-pass filters (the latter are not shown 
in Fig. 7). Branching filters are used to separate the indi- 
vidual r.f. channels without significant loss. 

The frequency plan for multi-r.f. channel systems must 
be chosen with great care in order to minimize the risk of 
interference from (a) the various oscillators in the system, 
(b) the high-level transmitted signals and (c) from any 
intermodulation products of the latter. Account must 
also be taken of the ‘image’ channels of the trans- 
mitter and receiver, i.e. channels spaced from the wanted 
channel by twice the intermediate frequency. 

The frequency plan recommended by the C.C.LR. (Rec. 
No. 194, Ref. (11)) for 600-channel telephony or television 
systems is shown in Fig. 8. The plan provides for up to 
six r.f. channels in each direction and is intended for use 
with an intermediate frequency of 70Mc/s; the spacing 
between the centres of adjacent channels is 29Mc/s and 
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Fig. 8. Frequency plan recommended by the C.C.1.R. for six r.f. channel 
systems for multi-channel telephony (600-channels) or television 


the ‘shift frequency’, i.e. the frequency interval between 
corresponding go and return channels, is 213Mc/s. Adjacent 
r.f. channels operate with different polarization in order to 
facilitate the separation of channels. Channels on frequen- 
cies interleaved with those on the main plan can also be 
used if desired, e.g. for spur or crossing routes 

If six r.f. channels are required on one route, two 3-r.f 
channel systems such as that shown in Fig. 7, can be 
provided; in such a case one system would use the odd 
number channels of the frequency plan, and the other the 
even channels. 


PROTECTION OR STAND-BY CHANNELS; STAND-BY POWER 
SUPPLIES; SUPERVISORY AND CONTROL SYSTEMS 

A microwave system may be required to achieve a reli- 
ability of 99-9 per cent or more; in order to achieve a 
reliability of this order it is necessary to provide a ‘ protec- 
tion’ or stand-by channel which can be switched into use 
manually or automatically when a working channel fails. 
In systems with up to five working channels on the same 
route only one protection channel may be needed since 
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the latter is required for a very small percentage of the 
time and simultaneous faults on two or more working 
channels are extremely unlikely. The use of a stand-by 
channel on a separate radio frequency is generally pre- 
ferred to the use of stand-by equipment operating on the 
same frequency as the working equipment and switched 
at individual stations, since the former arrangement enables 
the stand-by channel to be monitored continuously or used 
as a temporary additional working channel when required, 
e.g. for television outside broadcasts. 


A pilot tone is sometimes transmitted in the base-band 
of both working and stand-by channels, above the range 
of frequencies occupied by the multi-channel telephony or 
television signal; the pilot tone enables the continuity of 
each channel to be established, and by measuring the noise 
level in a narrow band adjacent to the pilot, provides a 
basis for switching automatically from a working to a 
stand-by channel should the signal-to-noise ratio in the 
working channel become inferior to that in the stand-by 
channel. The C.C.I.R. has recommended preferred values 
of the pilot frequencies, ic. 3-2Mc/s for 600-channel 
systems and 7 or 8-5Mc/s for television systems (Rec. No 
198 and 199, Ref. (11)). In some systems the stand-by 
channel is also used to provide frequency-diversity opera 
tion in order to minimize the effects of fading”. 

Since the normal mains supply cannot always be relied 
on to the degree of reliability required, it is usual to pro- 
vide a stand-by generator driven by a petrol or oil engine 
In some systems, e.g. those transmitting multi-channel tele- 
graphy, it may be essential to avoid interruptions and in 
such cases a ‘continuity set’ is employed. These sets com- 
prise a motor driven from the mains, a generator and a 
heavy flywheel on the same shaft, and an engine. In the 
event of a mains failure the engine is started up auto- 
matically and is coupled to the motor-generator via a 
magnetic clutch, the flywheel providing energy to main- 
tain the electrical power output until the engine comes 
into operation. 


Since the repeater stations are normally unattended it 
is necessary to provide a supervisory and control system 
for identifying at staffed control stations associated with 
terminal stations, the repeater station at which a fault has 
occurred, in order that a maintenance man may visit the 
station and correct the fault. It is also desirable to indicate 
broadly the nature of the fault, e.g. urgent or non-urgent, 
and to indicate to the control station when a mains failure 
has occurred, so that steps may be taken to replenish the 
fuel supply of the stand-by generator set. This information 
is usually transmitted by keyed audio-frequency tones, 
similar to voice-frequency telegraph signals, sent either 
over a line circuit, or in an additional 3kc/s wide channel 
or channels in the base-band of the radio-relay system, or 
in channels provided by an auxiliary low-power radio-relay 
system. A service channel for speech transmission is also 
provided between all the repeater stations and the staffed 
control stations to facilitate maintenance operations and 
control of the system 


Tropospheric Forward-Scatter Systems 


The fact that radio waves in the frequency range from 
about 100 to 10000Mc/s are consistently propagated well 
beyond the visible horizon to distances of up to a few 
hundred miles has now been firmly established, mainly as 
a result of experiments carried out since 1950. However, 
it should be noted that Marconi, as far back as 1932, 
demonstrated that signals on about S500Mc/s could be 
received at a distance of 168 miles, but because of the low 
power used in his experiments the signals were not reliable 
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Fig. 6. Basic arrangements of terminal transmitters, termina! receivers and 
repeaters 
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Terminal receivers are almost invariably of the super- 
heterodyne type with a frequency-stabilized local oscillator, 
as in Fig. 6(c); the superheterodyne principle is used 
because it enables the desired gain to be readily achieved 
and facilitates automatic gain control, limiting and de- 
modulation, which are at present difficult to achieve at 
radio-frequency. 

The C.C.1.R. has indicated preferred values for the base- 
band signal levels and impedances, and for the modulation, 
intermediate-frequency and radio-frequency characteristics 
of microwave radio-relay systems used for international 
connexions (Rec. Nos. 184 to 195, Ref. (11)). 


REPEATERS 

The repeaters generally employed are of the non- 
demodulating type to avoid an increase in distortion and 
noise, and the greater level instability that would be entailed 
by the use of repeaters in which the signal appears at the 
base-band and is then modulated on to a carrier for onward 
transmission. 

A typical non-demodulating repeater is shown in Fig. 
6(d); such a repeater incorporates two frequency changes 
in the main signal path, the first change is from the in- 
coming radio frequency f; to an intermediate frequency 
fic at which most of the required gain is achieved, the 
second frequency change is from the intermediate frequency 
to the outgoing frequency f2. Automatic gain control and 
some limiting are provided at intermediate frequency in 
order to stabilize the output level. The output from the 
second frequency changer is amplified to a power level 
suitable for radiation to the next repeater station. 


To avoid cumulative frequency errors provision is made 
for deriving the local oscillator feeds for the first and 
second frequency changers from a common radio-frequency 
source; in the example shown in Fig. 6(d) the radio- 
frequency oscillator feeds the second frequency-changer at 
a frequency f = fe +fir and the feed for the first frequency- 
changer is obtained from it by modulating a portion of the 
radio-frequency oscillator output by the shift frequency 
fo = fe —fi in a third frequency-changer, the sideband 
frequency f; + fir being selected and used. 


It is not essential to translate the incoming signal to an 
intermediate frequency in a non-demodulating repeater, 
all the necessary amplification can be achieved at radio 
frequency. For example, a repeater may consist of a 
two-stage low-noise travelling-wave tube amplifier with 
fast-operating automatic gain control, followed by a travel- 
ling-wave tube used as a frequency-changer” and finally 
a travelling-wave tube power amplifier, Fig. 6(c). In such 
a repeater the shift-frequency oscillator f, is applied to 
the travelling-wave tube frequency changer and generates 
sidebands f; + fo, one of which is selected and amplified. 


MULTI-R.F, CHANNEL SYSTEMS 


In the case of heavily loaded routes it may be necessary 
to provide several independent broad-band channels over 
the same route. The wide bandwidths that can be accom- 
modated on microwave aerials makes it possible to use the 
same aerial for a number of r.f. channels, simultaneously 
for transmission and reception if required. Such an -arrange- 
ment reduces the cost of a link, not only by reducing the 
number of aerials and feeders but also by enabling lighter 
and the therefore cheaper towers or masts to be used to 
support the aerials. 


A repeater for three r.f. channels is shown schematically 
in Fig. 7; in this case each aerial transmits and receives 
three r.f. channels simultaneously. A bi-polar feed can be 
used to provide some discrimination between transmitted 
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and received signals on the same aerial. Additional dis- 
crimination is provided by the selectivity of the repeaters 
and the associated band-pass filters (the latter are not shown 
in Fig. 7). Branching filters are used to separate the indi- 
vidual r.f. channels without significant loss. 

The frequency plan for multi-r.f. channel systems must 
be chosen with great care in order to minimize the risk of 
interference from (a) the various oscillators in the system, 
(b) the high-level transmitted signals and (c) from any 
intermodulation products of the latter. Account must 
also be taken of the ‘image’ channels of the trans- 
mitter and receiver, i.e. channels spaced from the wanted 
channel by twice the intermediate frequency. 

The frequency plan recommended by the C.C.I.R. (Rec. 
No. 194, Ref. (11)) for 600-channel telephony or television 
systems is shown in Fig. 8. The plan provides for up to 
six r.f. channels in each direction and is intended for use 
with an intermediate frequency of 70Mc/s; the spacing 
between the centres of adjacent channels is 29Mc/s and 
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Fig. 8. Frequency plan recommended by the C.C.1.R. for six r.f. channel 
systems for multi-channel telephony (600-channels) or television 


the ‘shift frequency’, i.e. the frequency interval between 
corresponding go and return channels, is 213Mc/s. Adjacent 
r.f. channels operate with different polarization in order to 
facilitate the separation of channels. Channels on frequen- 
cies interleaved with those on the main plan can also be 
used if desired, e.g. for spur or crossing routes 

If six r.f. channels are required on one route, two 3-r.f 
channel systems such as that shown in Fig. 7, can be 
provided; in such a case one system would use the odd 
number channels of the frequency plan, and the other the 
even channels. 


PROTECTION OR STAND-BY CHANNELS: STAND-BY POWER 
SUPPLIES; SUPERVISORY AND CONTROL SYSTEMS 

A microwave system may be required to achieve a reli- 
ability of 99-9 per cent or more; in order to achieve a 
reliability of this order it is necessary to provide a ‘ protec- 
tion’ or stand-by channel which can be switched into use 
manually or automatically when a working channel fails. 
In systems with up to five working channels on the same 
route only one protection channel may be needed since 
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the latter is required for a very small percentage of the 
time and simultaneous faults on two or more working 
channels are extremely unlikely. The use of a stand-by 
channel on a separate radio frequency is generally pre- 
ferred to the use of stand-by equipment operating on the 
same frequency as the working equipment and switched 
at individual stations, since the former arrangement enables 
the stand-by channel to be monitored continuously or used 
as a temporary additional working channel when required, 
e.g. for television outside broadcasts. 

A pilot tone is sometimes transmitted in the base-band 
of both working and stand-by channels, above the range 
of frequencies occupied by the multi-channel telephony or 
television signal; the pilot tone enables the continuity of 
each channel to be established, and by measuring the noise 
level in a narrow band adjacent to the pilot, provides a 
basis for switching automatically from a working to a 
stand-by channel should the signal-to-noise ratio in the 
working channel become inferior to that in the stand-by 
channel. The C.C.I.R. has recommended preferred values 
of the pilot frequencies, ie. 3-2Mc/s for 600-channel 
systems and 7 or 8-5Mc/s for television systems (Rec. No 
198 and 199, Ref. (11)). In some systems the stand-by 
channel is also used to provide frequency-diversity opera- 
tion in order to minimize the effects of fading”. 

Since the normal mains supply cannot always be relied 
on to the degree of reliability required, it is usual to pro- 
vide a stand-by generator driven by a petrol or oil engine 
In some systems, e.g. those transmitting multi-channel tele- 
graphy, it may be essential to avoid interruptions and in 
such cases a ‘continuity set’ is employed. These sets com- 
prise a motor driven from the mains, a generator and a 
heavy flywheel on the same shaft, and an engine. In the 
event of a mains failure the engine is started up auto- 
matically and is coupled to the motor-generator via a 
magnetic clutch, the flywheel providing energy to main- 
tain the electrical power output until the engine comes 
into operation. 


Since the repeater stations are normally unattended it 
is necessary to provide a supervisory and control system 
for identifying at staffed control stations associated with 
terminal stations, the repeater station at which a fault has 
occurred, in order that a maintenance man may visit the 
station and correct the fault. It is also desirable to indicate 
broadly the nature of the fault, e.g. urgent or non-urgent, 
and to indicate to the control station when a mains failure 
has occurred, so that steps may be taken to replenish the 
fuel supply of the stand-by generator set. This information 
is usually transmitted by keyed audio-frequency tones, 
similar to voice-frequency telegraph signals, sent either 
over a line circuit, or in an additional 3kc/s wide channel 
or channels in the base-band of the radio-relay system, or 
in channels provided by an auxiliary low-power radio-relay 
system. A service channel for speech transmission is also 
provided between ail the repeater stations and the staffed 
control stations to facilitate maintenance operations and 
control of the system 


Tropospheric Forward-Scatter Systems 


The fact that radio waves in the frequency range from 
about 100 to 10000Mc/s are consistently propagated well 
beyond the visible horizon to distances of up to a few 
hundred miles has now been firmly established, mainly as 
a result of experiments carried out since 1950. However, 
it should be noted that Marconi, as far back as 1932, 
demonstrated that signals on about SOOMc/s could be 
received at a distance of 168 miles, but because of the low 
power used in his experiments the signals were not reliable 
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In the United Kingdom, the pioneering work of the late 
Dr. E. C. S. Megaw of the Admiralty Signal and Radar 
Establishment demonstrated, in 1950, that signals on about 
3000Mc/s could be consistently received on an oversea 
path well beyond the visible horizon. It was shown that 
these signals could not be accounted for by ray bending 
due to refraction in the normal undisturbed atmosphere, 
nor could they be accounted for by propagation in ducts 
over the sea surface; the signals were in fact attributed 
to radio-wave scattering caused by atmospheric turbulence. 

Since 1950, a great deal of experimental and theoretical 
work on tropospheric forward-scatter propagation has been 
carried out®®’"*; there is now available a considerable 
volume of data on which to base the design of systems. 

Tropospheric forward-scatter radio systems have now 
emerged from the experimental and development stage and 
a number of such systems are in operation; for example, 
extensive tropospheric forward-scatter radio links have 
been installed in Canada and Alaska to provide communi- 
cation facilities between radar stations, and for civil com- 
munications; these links provide 18, 36 or in some cases 
up to 132 telephone circuits over distances of 1 000 miles 
or more in hops of 100 to 200 miles. A tropospheric 
forward-scatter link is now in operation on a 184-mile 
oversea path between Florida and Cuba, providing up to 
240 telephone circuits (up to 120 circuits on each of two 
carriers) or a television channel. In Europe a tropospheric 
forward-scatter link is in operation between Sardinia and 
Minorca, a distance of 240 miles, and other systems are 
planned. However, extensive applications of tropospheric 
forward-scatter systems for civil communications in coun- 
tries such as the United Kingdom with extensive line, cable 
and line-of-sight microwave systems seem unlikely. 

The prime advantage of tropospheric forward-scatter 
systems, compared with line-of-sight microwave systems or 
coaxial-cable systems, is that they provide reliable com- 
munication over distances of up to 200 miles or more with- 
out repeater stations or interconnecting cables. This feature 
is of considerable value when the intervening terrain is 
difficult of access or when sea crossings are involved. 


On the other hand the larger range tropospheric forward- 
scatter systems require very large aerials and very high- 
power transmitters which not only involve heavy capital 
expenditure but also, in the case of the transmitters, con- 
siderable annual charges. 


It is by no means obvious that a tropospheric forward- 
scatter system is cheaper, either in capital costs or in annual 
charges, than a line-of-sight microwave system or a cable 
system; each must be considered on its merits in relation 
to the job to be done. Furthermore, line-of-sight microwave 
and cable systems can readily provide for inserting or drop- 
ping blocks of channels at intermediate points; this is of 
considerable value and is often required in a complex 
inland network. By its nature, such a facility is not avail- 
able in a tropospheric forward-scatter system. 


Tropospheric forward-scatter systems are subject to 
certain technical limitations. For example, it would appear 
that the frequencies used cannot readily be shared in the 
same geographical area with conventional low-power line- 
of-sight microwave systems since the high powers used by 
the scatter systems, and the ease with which scatter signals 
are propagated over hundreds of miles, introduces a con- 
siderable risk of interference. 

At their present stage of development tropospheric 
forward-scatter systems require much more frequency space 
than line-of-sight systems of comparable capacity, a limita- 
tion which arises from the large distances over which scatter 
signals are propagated and the need to use different fre- 
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quencies for the various sections of a multi-section route 
in order to avoid mutual interference. 

Finally, it is not practicable at the present time to engin- 
eer the longer tropospheric forward-scatter links fully to 
meet the high standards recommended by the C.C.LT.T. 
and C.C.LR. for international connexions. For a small 
fraction of the time the noise level on a long tropospheric 
forward-scatter link may be higher than is allowable on 
international circuits; nevertheless the performance may 
be acceptable for many purposes. 


CHARACTERISTICS OF TROPOSPHERIC FORWARD-SCATTER 
PROPAGATION 


Propagation by forward-scattering is essentially one in- 
volving a large transmission loss, thus it is necessary to 
use high-gain and therefore narrow beam aerials both for 
transmitting and receiving if the loss is not to be excessive. 
In practice the aerial beams are arranged as shown in Fig. 
9 to intersect in a ‘common volume’ in which scattering 
occurs. 


The *scattering angle 6 between the transmitting and 
receiving beams is of great importance and for effective 
transmission must be kept as small as possible. This implies 


COMMON 


Fig. 9. Geometry of tropospheric forward-scatter radio link 


that the transmitting and receiving sites must be chosen 
so that they have an unobstructed view to the natural 
horizon. 


The maximum range of signals scattered from the tropo- 
sphere is determined by the greatest height at which scatter- 
ing can occur in that region; the troposphere extends up 
to about six miles and the corresponding maximum range 
is about 400 miles. However, recent investigations” suggest 
that signals scattered from the stratosphere, i.e. the region 
between the troposphere and the ionosphere, may extend 
the maximum range to some 700 miles. 

The more important characteristics of 
forward-scatter propagation are as follows: 


tropospheric 


(1) The instantaneous received signal strength fluctuates 
continuously since the signal itself is the resultant of 
a large number of components of random and vary- 
ing phases. 


(2) The mean signal level varies from hour-to-hour, day- 
to-day and month-to-month by some 10 to 20dB or 
more. 


(3) The received signal levels are relatively weak, being 
from 50 to 100dB or more below the free-space level. 


(4) Usable signals can be received consistently even up 
to some 400 miles or more provided that very large 
aerials, very high-power transmitters and sensitive 
receivers are employed. 


(5) Frequencies from 100 to 10.000Mc/s can be used; 
however, frequencies below about 1 000Mc/s are 
generally more effective for the longer paths. 
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(6) Bandwidths of three or four megacycles per second, 
i.e. sufficient for a television channel or some 
hundreds of telephone channels, may be transmitted 
over distances up to about 200 miles provided very 
large, narrow-beam aerials and high transmitter 
powers are employed; however, the useful bandwidth 
decreases rapidly as the distance is increased. There 
is as yet insufficient experimental data on which to 
assess the quality of transmission from the aspect 
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Fig. 1@. Arrangement of aerials: tropospheric forward-scatter radio link 
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nominal plane-wave gain due to lack of coherence of the 
wave-front, thus an aerial with a nominal plane-wave gain 
of 50dB may yield under 40dB for 10 per cent of the 
time. Nevertheless high-gain, narrow-beam, aerials may be 
necessary in order to achieve the desired bandwidth by 
reducing the time-delay differences between the components 
of the scatter signal. 

It is usual because of the large size and high cost of 
the aerials to employ the same aerials for transmission and 
reception, diplexers being used to combine the transmitter 
output and the receiver input, Fig. 11. R.F. filters are pro- 
vided at the transmitter output to minimize noise in the 
received frequency band, and at the receiver input to reject 
the high-level signal at the transmitted frequency. 

Klystron amplifiers are usually employed in the high- 
power output stages of transmitters because of the large 
power gains and high efficiency obtainable; gains of 50dB 
and output powers up to 10kKW at 2 500Mc/s, 2kW at 
6 000Mc/s are available” ” 

In most systems the high-power transmitter amplifier is 
driven by a low-power frequency-modulation exciter, with 
frequency-division multiplexing of the telephony channels. 
Most of the advantages cf frequency-modulation already 
noted in connexion with line-of-sight microwave systems 
also apply to tropospheric forward-scatter systems; how- 
ever, it would appear that single-sideband modulation has 
certain characteristics which may make it attractive for 
tropospheric forward-scatter systems, these include the 
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Fig. 11. 
of television signals and more data of this type is 
needed. 


TECHNIQUES EMPLOYED IN TROPOSPHERIC FORWARD-SCATTER 

SYSTEMS 

Tropospheric forward-scatter systems are characterized 
by large aerials and high-power transmitters; the trans- 
mitter powers currently employed range from 1 to 20kW 
and the aerial sizes from 12 to 60ft diameter respectively 
for systems providing from 12 to 120 telephone circuits 
over paths from 100 to 250 miles long. Still larger aerials, 
up to 120ft diameter, and powers up to 5OkW are planned 
for systems providing 100 telephone circuits over paths up 
to 400 miles long”. 

The aerials used are generally of the parabolic reflector 
type (Fig. 10), mounted some twenty wavelengths above the 
local ground; elevated sites are advantageous since they 
enable the scattering angle 4, and thus the scatter transmis- 
sion loss, to be reduced. 

Aerials with gains of 30dB or more may not realize the 
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Tropospheric forward-scatter link: equipment schematic 


at low levels of received 
signal due to the absence of a threshold effect, a 
saving of up to 10 to 1 in the frequency space 
required, freedom from intermodulation due to multi 
path signals, reduced interference to other systems and 
economy in high-tension power consumption. On the other 
hand a high degree of amplitude linearity is essential in 
a single-sideband system 


ability to operate satisfactorily 


Because of the random fading which is characteristic of 
scatter propagation it is usual to employ spaced-aerial or 
other types of diversity operation; the simpler systems 
employ selection of the stronger of two or more signals 
by switching, more advanced systems employ all the diver- 
sity signals in combination, the signal levels being auto- 
matically and continuously adjusted for optimum diversity 
gain before combination. A double-diversity system of the 
latter type yields an improvement compared with a non- 
diversity system of about 4dB for 50 per cent of the time 
and 17dB for 0-1 per cent of the time; corresponding im- 
provements for a quadruple-diversity system are 7dB and 
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27dB respectively. Since the large improvements relate to 
the small percentages of time when the signal-to-noise ratio 
is poor, the advantage from diversity is specially valuable. 

The use of frequency diversity is deprecated because of 
the additional frequency allocations required and the need 
to conserve the use of the spectrum. 

Fig. 12 shows a quadruple-diversity system in which 
spaced aerials and crossed polarizations can be employed 
to achieve in effect four separate paths in space; it is notable 
that only two frequencies are employed in this system”. 


Future Developments 

The future developments of line-of-sight microwave 
systems for main routes carrying heavy traffic is likely to 
be in the direction of systems transmitting perhaps 1 800 
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Fig. 12. Quadruple-diversity tropospheric forward-scatter radio link with 
spaced aerials and crossed polarization 


telephone circuits, or a television channel and some 
hundreds of telephone circuits, on a single radio carrier; 
such systems could lead to substantial cost savings as com- 
pared with systems requiring several radio carriers to pro- 
vide the same total capacity. 

At the other end of the scale there would appear to be 
scope in some countries for low-capacity microwave systems 
accommodating up to 48 telephone circuits. In this field 
there is scope for printed ‘ micro-strip’ circuits and for 
intermediate-frequency amplifiers and other components 
including time-division multiplex terminal equipment, using 
printed-circuit techniques and transistors where appropriate, 
to reduce the size, weight, power consumption and cost™.”®. 

It is interesting to speculate on the advantages which 
low-noise solid-state microwave amplifiers, ‘ MASERS”™, 
might bring to microwave systems; if these amplifiers 
enabled the noise factor of the receivers to be reduced by 
say 10dB and if transistors were used for the intermediate 
frequency and other circuits, these measures would reduce 
the power supply requirements for a typical main-route 
repeater station from several kilowatts to a few hundred 
watts. Standby power supplies could be provided from 
batteries and large engine-generator sets would be un- 
necessary and the volume of the radio equipment and the 
size of the buildings could be considerably reduced, with 
large cost savings. 

Tropospheric forward-scatter radio systems are likely to 
find applications where difficulties of terrain make it im- 
practicable or too costly to use conventional line-of-sight 
microwave systems Or coaxial-cable systems. The dis- 
advantages of tropospheric-scatter systems, notably their 
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lack of spectrum economy and interference potentiality, 
make it unlikely that they will find wide application for 
normal civil communications in countries with extensive 
networks of conventional systems. 


The future development of tropospheric forward-scatter 
systems is likely to include improved modulation tech- 
niques, e.g. single-sideband modulation, aiming at spectrum 
economy and improved performance under difficult propa- 
gation conditions. Additional spectrum economy could 
be achieved by the development of improved designs of 
aerials with smaller minor lobes, since this would reduce 
the number of frequency allocations needed to avoid 
* over-reach ’ interference via the minor-lobe responses. The 
use of single-sideband modulation and the development of 
very high-power transmitters, e.g. with peak powers of up 
to 100kW, and exceptionally large aerials, e.g. 120ft in 
diameter, may be expected to lead to systems capable of 
providing 100 telephone circuits over distances of some 
400 miles without intermediate repeater stations. 
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Microwave Line-of-Sight Propagation 


By M. W. Gough*, M.A., A.M.LE.E. 


After sketching the historical and physical background of the subject, this article surveys some 


fundamental investigations into microwave line-of-sight propagation made 


mainly since 1939, in 


Europe and the U.S.A. Theoretical work, based principally on classical optical concepts, is reviewed 
in conjunction with related experimental investigations. Statistical processes important in the research 
and engineering aspects of the subject are also discussed 


I the turn of the century when Marconi was carrying 

out his experiments on long distance transmission on 
low frequencies, the theoretical study of terrestrial radio 
propagation was based on an idealized model of a smooth 
spherical earth surrounded by free space. The great discre- 
pancy between the experimental results and the theoretical 
predictions led to the conclusion that a physical mechanism 
not included in the mathematical formulation, namely the 
reflection of the waves by an ionized region in the upper 
atmosphere, must be exerting a major influence on the 
propagation. 

As far as the effect of the ground and of the lower 
atmosphere was concerned, however, the model was reason- 
ably good. Only in very mountainous country would the 
ground irregularities be serious, while the effect of refrac- 
tion would be small on such low frequencies where the 
wavelength is large compared with the scale of the atmo- 
spheric variations. 

With the extension of ground wave theory to ultra high 
frequencies where the effect of the ionosphere is negligible, 
it becomes possible under most practical conditions to treat 
the propagation within the horizon by geometrical-optics, 
but the ground irregularities become of major importance, 
while the ray paths are curved by refraction in the non- 
homogeneous atmosphere. On the assumption that there is 
a standard atmosphere with a constant negative gradient of 
refractive index in the troposphere immediately. above the 
surface of the earth, it has been shown that the propagation 
is equivalent to transmission through an homogeneous 
atmosphere, or in effect free space, over an earth with its 
radius increased by a geometrical transformation that 
removes the curvature of the ray paths. 


It was not at first appreciated that variations from the 
assumed standard atmosphere can produce profound modi- 
fications to the nature of tropospheric propagation, though 
fluctuations of signal-strength, or fades, were in general 
attributed to temporal changes in the structure of the tropo- 
sphere. With the development of radar techniques prior 
to and during the Second World War, evidence accumulated 
of long distance tropospheric propagation under conditions 
of extreme super-refraction and during the presence of 
elevated inversion layers. This phenomenon has _ beer 
explained by an appropriate e,:tension of the mathematical 
theory. 

Further experiments after the war showed that even under 
normal conditions when the field-strength beyond the hori- 
zon drops away exponentially a distance is reached 
beyond which the average signal decreases much more 
slowly 2nd persists out to great distances. These signals 
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have been interpreted in terms of scattering by atmospheric 
turbulences and have become the subject of intensive study 
in connexion with the establishment of long distance scatter 
links. 

The whole subject is now referred to as tropospheric 
propagation and includes reception within the horizon and 
ground-wave propagation in the presence of a standard 
atmosphere. It can be conveniently divided into two parts, 
one dealing with line-of-sight propagation and the other 
with propagation beyond the horizon with special reference 
to tropospheric scattering. The present article is concerned 
with the former, while the companion article by G. Milling- 
ton reviews the latter with regard to the present position of 
research being carried out in the United Kingdom. 

There is of course an intermediate situation in which the 
transmission distances are quite small but the propagation 
is not strictly line-of-sight, ie., where local obstructions 
rather than the curve of the earth prevent an optical path 
between the transmitter and the receiver. Such conditions 
are of prime importance in considering the service areas of 
television stations, where the diffractive losses over hills 
have to be assessed by Fresnel ‘ knife-edge* theory and the 
variations in the meteorological factors are of secondary 
importance except at the fringes of the service area. 

This 1s a specialized aspect of ground-wave propagation 
that will not be considered in detail here, where the 
emphasis will be on point-to-point links between terminals 
with an unobstructed path between them, but account has 
to be taken of the ground irregularities in considering 
rays reflected from the surface of the earth, and of the effect 
of the troposphere on the ray paths through it. 

In this article microwaves will be deemed to comprise 
wavelengths shorter than Im (frequencies above 300Mc/s), 
where, as shown in the first part of this review, many features 
and applications of propagation theory are borrowed from 
the concepts of classical optics. The second part of this 
survey gives examples of the statistical approach to propa- 
gation problems, necessitated by the temporal and spatial 
variations in the atmosphere. Space prevents discus- 
sion of much pioneering work, and this review is 
therefore restricted mainly to war-time and post-war 
investigations, when the development and operation of 
radar, followed by rapid advances in wide-band multi- 
channel radio systems. gave a great impetus to research on 
microwave propagation. 


Optical Aspects 


GROUND CLEARANCE 


Reliable microwave communication necessitates a clear 
line-of-sight between the terminals, with the further require- 
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ment of first Fresnel zone clearance of all points on the 
intervening ground. Under these conditions the signal 
strength will be near the ‘free-space’ value, except for 
possible departures due to ground reflections and atmo- 
spheric effects discussed later. Simple formulae for the 
attenuation between various types of aerial in free space 
have been given by Friis', and the basic principles of micro- 
wave propagation have been briefly reviewed by Megaw’. 
Bullington®. Thompson‘ and others. 

Failing first Fresnel zone clearance and disregarding 
secondary influences, signal strengths will fall below the 
‘free-space’ level. Adapting classical edge-diffraction theory, 
Megaw’, Bullington’, Thompson‘ and others give charts show- 
ing the ‘shadow loss’ due to a specified obstructing screen at 
various wavelengths, while curved earth diffraction has 
been rigorously investigated by Eckersley*®, Millington®, van 
der Pot and Bremmer’, Burrows and Gray* and others. 
While ideally, microwave paths should maintain first 
Fresnel zone clearance under all atmospheric conditions. 
some in practice default during periods of sub-refraction 
and suffer consequent long-period fading. The influence 
of inadequate ground clearance on the _ statistical 
behaviour of such paths has been investigated experi- 
mentally by Durkee’, Wheeler and Mathwich”, and 
Thompson‘. 


GROUND REFLECTIONS 


Ground reflections may adversely affect line-of-sight 
propagation because, due to siting exigencies and changing 
atmospheric conditions, phase opposition between direct 
and ground-reflected waves cannot always be avoided. In 
this situation near-equality in their amplitudes gives a weak 
signal and therefore microwave paths should where possible 
be chosen with small ground reflection coefficients—tess 
than 0-5 for example. Over nearly 50 established 4000Mc/s. 


paths in the U.S.A., Bullington" has measured reflection 
coefficients seldom exceeding this value, and averaging 
about 0-28. 


Much theoretical and practical study has been devoted 
to reflection coefficients. McPetrie”, Kerr™®, Ohman" and 
others have published theoretical charts giving the ampli- 
tude and phase of the reflection coefficient of radio waves 
at a plane surface under various conditions, and con- 
formatory measurements have been made by Megaw?’, Ford 
and Oliver’ and others. For smooth ground in the 
frequency range under review, the reflection coefficient is 
virtually unaffected by conductivity and depends only on 
the wave polarization, the dielectric constant and the reflec- 
tion angle 6 as defined in Fig. 1(a). For vertical polariza- 
tion the Brewster effect. whereby the reflection coefficient 
becomes zero at a particular angle, always results in a 
lower reflection coefficient with vertical than with hori- 
zontal polarization for a specific path. Nevertheless at the 
shallow reflection angles characteristic of ground-to-ground 
propagation, which seldom exceed 2°, both polarizations 
give reflection coefficients near unity, and thus for land 
paths the controlling factor is the roughness of the ground 
rather than its dielectric properties. 

For sea. surface roughness cannot be relied on for reduc- 
ing the reflection coefficient to an innocuous level, but this 
disadvantage is partly offset by the fact that, for sea 
reflection, a pseudo-Brewster effect with vertical polariza- 
tion causes a rapid initial reduction in reflection coefficient 
with increasing reflection angle. Thus compared with 
horizontal polarization, which entails coefficients very near 
unity in practical cases, the use of vertical polarization 
should reduce fading attributable to direct and sea-reflected 
wave interference. 


Fig. 1(b), after Kerr™®, shows theoretical relationships 
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between reflection coefficient and reflection angle for 
smooth sea for wavelengths between Im and icm, using 
the best available data for dielectric constants and conduc- 
tivities, which for sea water are somewhat frequency- 
dependent. For vertical polarization the pseudo-Brewster 
minimum approaches zero at very short wavelengths due 
to the subordinate influence of conductivity in that case 
However, there is a progressive reduction in the initial 
slope of the curves with decreasing wavelength (Fig. 1(b)), 
which reduces the benefit from vertical polarization on the 
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Fig. 1. Reflection coefficient versus reflection angle for sea (after Kerr) 


Fig. 2. Reflection at a rough surface 


shorter wavelengths. Bray and Corke’ in fact found that 
vertical polarization showed no benefit over horizontal 
on a 3930Mc/s optical sea path, but the present author 
anticipates a significant advantage on the longer micro- 
waves. 

Several workers have considered ground roughness from 
the statistical aspect of Rayleigh’s roughness criterion, 
which states that reflection from a rough surface becomes 
diffuse when wavelets scattered from irregularities are dis- 
turbed in phase by more than a specified amount from the 
mean value. For a reflection angle 9, and irregularities 
of height 6 above and below the mean level (Fig. 2) the 
maximum phase deviation @» from the mean value is 
476 sin @/A, where A is the wavelength. The Rayleigh 
criterion is variously quoted as @m > «/4 or > z/2 radians. 
The crucial feature is the association between the reduc- 
tion in reflection coefficient due to ground roughness and 
the quantity 6 sin #/A. Discussing vertical polar patterns of 
radar aerials, Norton and Omberg” imply that for a well 
developed lobe the quantity 6 sin@/A must not exceed 
1/16 throughout the first Fresnel zone for ground 
reflection. 


Day and Trolese“, Bullington” and others have deduced 
reflection coefficients of rough ground from interference 
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patterns revealed by height-gain measurements. Fig. 3 
shows height-gain curves obtained on 3 microwave fre- 
quencies over the Arizona Desert, using an aircraft rang- 
ing in height between 600 and 7 700ft. The transmitting 
aerial remained at 190ft and the aircraft distance was about 
55 miles. The depth of any signal minimum (Fig. 3) is a 
measure of the nearness to unity of the ground reflection 
coefficient for the test condition indicated. The minima 
are labelled with the coefficients inferred. 

From 4000Mc/s height-gain tests on 200ft towers, 
Bullington" has deduced values of the reflection coefficient, 
p, for land paths in the U.S.A. already mentioned, and has 
correlated these with corresponding values of @m esti- 
mated from the path irregularities. » ranged between 0:1 
and 0-7, and a plot of p versus @m shows scattered points 
whose trend for high values of @m lies well above a theo- 
retical curve based on random ground irregularities, but 
conforms better to theoretical curves based respectively 
on ‘saw-tooth’ and ‘sine-wave’ surfaces. Bullington 
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Fig. 3. Aircraft height-gain curves (after Day and Trolese) 


remarks that departures from true randomness in the actual 
path profile are likely to increase p at high values of ¢m, 
in conformity with the observed trend. A discussion by 
Norton and Omberg" on Fresnel zones for a reflecting 
surface prompts the suggestion that Bullington’s sporadic 
high values of » may have resulted from a specular reflec- 
tion from surfaces comparable in size with the first Fresnel 
zone, which on the test frequency can be quite smail. The 
erratic height-gain curve of Fig. 3(c), after Day and 
Trolese, shows a similar effect. 

Ford and Oliver’ have made extensive measurements on 
9cm of the reflection coefficient of a small area of prepared 
ground. using a direct method needing a very short radio 
path (50ft), narrow beam aerials and steep reflection angles. 
For each polarization the reflection coefficient of smoothed 
sandy loam was measured in various states of wetness. 
Each condition was measured at 3 or 4 reflection angles 
ranging between 12° and 46°5°. By finding the value of 
dielectric constant that fitted each set of measurements 
best (conductivity having negligible influence at the wave- 
length used), Ford and Oliver obtained values of 
2 and 15 for the dielectric constant of very dry and wet 
ground respectively. Measurements were then repeated 
with the ground raked into regular ridges, whose heights 
between crests and troughs were varied in successive 
experiments between 5 and 16cm. In general the results 
showed progressively reduced values of p below the 
‘smooth’ value as 6 and 4 (Fig. 2) were increased. An 
exception to this trend sometimes occurred with vertical 
polarization when 6 was near the Brewster angle, which 
varied between about 15° and 25° according to the wet- 
ness of the ground. In this critical range, roughening the 
ground disturbed the Brewster effect, thereby sometimes 
increasing in reflection coefficient. 

Following Bullington’s technique, the author has com- 
puted values of @,, associated with 33 of Ford and Oliver's 
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measurements of p for prepared rough ground, omitting 
the above-mentioned anomalous results with vertical 
polarization. Fig. 4 shows @m plotted against p/ps, where 
p is the measured reflection coefficient of rough ground 
giving a phase deviation @m, and ps is the measured reflec- 
tion coefficient of the same ground when smooth. Further 
points on Fig. 4 are derived from height-gain tests and 
ground roughness estimates made by Day and Trolese” 
on 520Mc/s and 1 000Mc/s, and by Gough" on 504Mc/s 
and 93cm. The author has added a further point similarly 
obtained on 200Mc/s. On Fig. 4 a scale of 6 sin 6/A, (which 
is simply related to #,) has been included because is it the 
fundamental parameter governing p/ ps. 
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Fig. 4. Effect of ground roughness on reflection coefficient 

The points on Fig. 4 scatter less than Bullington’s, 
perhaps because they are derived mostly from artificially 
regular ground undulations, whereas Bullington’s are taken 
from natural paths. The latter's theoretical curve for a 
random surface, which is superimposed on Fig. 4 (dotted 
line) lies below the experimental trend when on, exceeds 
about =z radians. 

Opticai measurements made by Court” of diffuse reflec- 
tion of monochromatic light from a matt surface have 
shown, for fairly shallow reflection angles, an exponential 
relationship between the reflection coefficient and the 
reflection angle. This suggests by analogy that the radio 
reflection coefficient » for a rough surface might follow 
the empirical law: 


exp[—c 6 sin 6/A] 
where 6 and 4 are defined in Fig. 2, ps is the reflection 
coefficient of a smooth surface of the same material and 


c is a constant 


Pip 


c = 4 best fits the experimental points of Fig. 4, and 
the resulting empirical relation 


pip exp[—46 sin 6/A] 


gives a better fit than Bullington’s curve at large values 
of @m. Taking p 1, which is justified for conventional 
ground-to-ground paths, the important condition that 
p < 0-5 requires 

6 sin 6/A > 0-17 


and @», > 2°14 radians. 


From the aspect of ensuring that ground reflection from 
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a radio path is adequately diffuse, this condition is more 
stringent than the Rayleigh criteria already quoted. 


SEA-REFLECTION FADING 

Even with vertical polarization the reflection coefficient 
of sea-water at shallow incidence approaches unity at very 
short wavelengths (Fig. 1(b)), and sea paths may thus 
present special problems of mutual cancellation between 
direct and sea-reflected waves. Changes in the refractive 
index gradient of the atmosphere are equivalent from the 
propagation standpoint to changes in the radius of a 
fictitious earth at which reflection effectively takes place. 
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Fig. 6. Water-refiection fading on 9-2cm (after Bogle) 


Thus diurnal or weather-related atmospheric changes can 
cause large phase shifts on microwaves between direct 
and water-reflected rays, leading to deep fades under con- 
ditions of phase opposition. Fig. 5, after Bray and Corke”, 
shows theoretical curves relating the effective earth radius 
factor K to the signal level (relative to free space) expected 
over two 40-mile paths across the Irish Sea tested on 
3 930Mc/s. The paths had a common high terminal in 
ireland and respectively. high and low terminals in Scot- 
land. A _ fortnight’s recording of October signal-levels 
showed that the higher path, which was seldom fade-free, 
faded more than 15dB for 1 per cent of the time, whereas 
the lower path faded to this extent for only 0-06 per cent 
of the time. As is evident from Fig. 5, the superiority of 
the lower path results from its reduced susceptibility to 
departures of K from the standard value of 4/3. 


Several workers comment that the observed fading 
attributable to this mechanism is often deeper than theo- 
retically expected after allowing for ray divergence at the 
curved sea surface. Bray and Corke consider that atmo- 
spheric inhomogeneities or the state of the sea surface 
might provide the small change in relative ray amplitudes 
needed to explain the observed fading. Discussing the 
same problem, Bogle™ shows a theoretical expectation of 
deep fades when K is near infinity, but argues nevertheless 
that the behaviour of his 9-2cm and 3-26cm oversea records 
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is inconsistent with the occurrence of this K-value. He 
concludes that direct and sea-reflected waves must be 
occasionally eaualized by some agency which Megaw 
(writing privately to him), attributed to momentary defocus- 
ing of the direct ray by larger-scale refractive index 
fluctuations caused by turbulence. 

Fig. 6 shows a record of fading of this type obtained 
by Bogle on 9-2cm. Smith-Rose and Stickland™ have pub- 
lished similar records from line-of-sight transmissions 
across Cardigan Bay, showing rapid fading of about 3dB 
on 3cm and slow fading of about 1I5dB on 92cm. 
Cabessa*® has observed severe fading on 1200 and 
2000Mc/s over sea paths in Greece, while Gudmandsen 
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Fig. 7. Complementary diversity system (after Bateman) 


and Larsen* have experienced similar effects over sea paths 
in Denmark on 17 and 6-4cm. The two last-named investi- 
gations are reviewed in some detail later. 

Two-path interference by sea reflection causes an 
approximately sinusoidal variation of field strength with 
height, giving vertical interference fringes as illustrated 
on Fig. 7(a). Near R, the height interval S, between a 
point of virtually zero signal and the nearest point of 
maximum signal, is about AD/4H, where A, D, and H are 
respectively the wavelength, path length and the trans- 
mitter height above the tangent to the reflection point O. 
Bateman® has devised a ‘complementary diversity’ 
system whereby two receiving aerials A and B (Fig. 7(a)) 
are vertically. spaced by the specified amount, S. When the 
effective earth radius factor, K, alters, the interference 
fringes move bodily past the aerial system with little 
change in the fringe height, S, for paths well within visual 
range. Thus zero signal from one aerial is always accom- 
panied by a large signal from the other. To exploit this 
effect fully, Bateman suggests an attractive alternative to 
the conventional use of separate diversity receivers on each 
aerial, namely linking the two aerials directly together so 
that, used for transmission for example, they direct a null 
towards the reflecting sea at O, and a lobe towards the 
receiver at R as in Fig. 7(b), thus virtually eliminating the 
sea reflection. The requisite spacing for this condition is, 
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as might be expected, identical with that already defined 
for complementary diversity reception. In fact the linked 
aerial system functions equally as a receiving array, thus 
abolishing the necessity of a second diversity receiver in 
this special case, where a coherent amplitude and phase 
pattern allows suitably spaced aerials to be paralleled to 
give a nearly constant joint signal while K varies. 

Another application of spaced aerials propounded by 
Bateman is the suppression of injurious multi-path signals 
propagated by lateral reflections from hills, etc., flanking 
the radio path. In this case the aerials are spaced an appro- 
priate distance horizontally. 


FRESNEL ZONES 

By analogy with classical edge-diffraction theory, Norton 
and Omberg” give general formulae for the dimensions 
and position of the N“ Fresnel zone for reflection at an 
unbounded flat surface. The reflected wave is the resultant 
of contributions from an infinite number of half-period 
(Fresnel) zones on the plane surface, but near-cancellation 
between adjacent zones (which comprise elliptical rings), 
results in most of the reflected energy coming from the 
first zone, which is thus of fundamental importance in 
evaluating the reflecting ability of surfaces of limited area. 
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Fig. 8. Use of a flat mirror as a passive reflector 


To reflect as well as a limitless plane area, a flat surface 
must compare in size with the first Fresnel zone. This zone 
is an ellipse, such that the length of a diffracted ray path 
via the edge of the zone is half a wavelength longer than 
the geometrically reflected ray path. For ground-to-ground 
propagation the ellipse is always elongated in the direction 
of transmission and its size, which depends on the path 
geometry, always decreases with the wavelength. Thus the 
shorter the wavelength the smaller the surface needed for 
specular reflection. 


PASSIVE REFLECTORS 

When intervening obstructions prevent direct microwave 
communication, a link is sometimes achievable by erect- 
ing a suitably angled flat radio mirror on a prominent 
site visible from each terminal. Andrieux™ outlines the 
principle for a flat mirror (Fig. 8) which is far enough 
from the terminals T and R for the contributions 
from all points on the mirror to be virtually in phase at the 
receiver, i.e., the mirror spans only a small portion of the 
first Fresnel zone. 

Andrieux defines the efficiency of the system by the 
ratio: 

Power received via the mirror 
Power received over a direct path of equal total length in 
free space 

which amounts to A,*(di + d2)’/A*d7d/’, 


where A, is the mirror area projected on the aperture plane 
of the aerial T or R, d; and d: are specified on Fig. 8 and 
AX is the wavelength. For a practicable mirror size, good 
efficiency requires d; or d: to be small and the wavelength 
to be short. Moreover the reflection angle @ must be large 
enough to avoid an unduly small projected area Ay. This 
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last limitation can be overcome by a ‘periscope’ system 
(included in Fig. 9) whereby two mirrors M; and M: spaced 
a few feet apart ensure steep reflection angles @; and 62 
even when the incoming and outgoing rays are parallel, 
Chaux and Dascotte” describe an elaborate installation 
in Morocco, shown diagrammatically in Fig. 9, for pro- 
viding 9-Scm communication without active repeaters 
between two low-lying points T and R. A single mirror Ms; 
was erected on a hill which is optical to R but not to 7, 
thus necessitating a second mirror system M,Mz. The latter 
was of the ‘ periscope’ type because T, M; M2 and M; are 
nearly collinear. The mirrors, all of 10m* area, were made 
of flat aluminium sheet. The system is inefficient according 
to Andrieux’s definition, due to unsuitable topography and 
the rather small mirrors used, but performance was within 
6dB of the theoretical figure. Autumn and winter tests 
showed little fading despite sandstorms, fog and snow. 
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Fig. 9. Passive reflector chain in Morocco (after Chaux and Dascotte) 


Magnuski and Koch® describe a passive reflector for 
a 6700Mc/s link for a hydro-electric scheme in the 
U.S.A. The single mirror, of area 480ft’, was 14 miles from 
the nearer radio terminal. The predicted system perform- 
ance, closely approached on test, was only 7dB below the 
free space figure. The mirror required a flatness tolerance 
of +4in to satisfy Rayleigh’s roughness criterion, and an 
angular tolerance of about +0-13° to keep the reflected 
beam aligned on the receiver. 


ZONAL SCREENS 

Bussey” has devised a means of suppressing microwave 
ground reflections by erecting, broadside to the direction 
of propagation, a suitable screen at the geometrical reflec- 
tion point for flat ground. It can be shown that the reflected 
field contributed by half the first Fresnel zone (e.g. the 
unshaded part of the ellipse on Fig. 10) exactly cancels 
the contribution from the remaining Fresnel zones. Thus 
if a screen blocks contributions from the other half of the 
first Fresnel. zone (shown shaded on Fig. 10) the reflected 
wave is sersibly zero. This requirement is met, among other 
possible shapes of screen suggested by Bussey, by an opaque 
quadrant of radius equal to the half-width of the first 
Fresnel zone, located as illustrated in Fig. 10. Experiments 
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showed a very useful reduction in ground reflection, and 
the system is stated to be tolerant of small siting errors and 
variations in the effective earth radius factor. For 20 to 30 
mile paths on 4 000Mc/s Bussey specifies, without complete 
dimensional details, a rectangular screen mounted on 40ft 
poles at mid-path. 


FADING MECHANISMS 


The atmosphere causes intermittent fading of varying 
degrees Over most microwave paths. While absorption due 
to fog, snow, rain etc., which has been discussed by Ryde™ 
and others is very small below 5000Mc/s, the redistribu- 
tion of transmitted energy due to small spatial variations 
in the atmospheric refractive index can produce large 
changes in received signal strength. 

Several investigators have distinguished between the 
various situations giving rise to fading illustrated on Fig. 
11. Fig. 11(a) relates to sea-reflection fading already dis- 
cussed, in an atmosphere whose refractive index gradient 
varies with time. While most prevalent over water paths, 
this type of fading can also occur over flat land. Cabessa”™ 
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Fig. 10. Suppression of ground reflection by zonal screen (after Bussey) 


and Thompson‘ mention the possibility of fading from inter- 
fering reflections at an elevated inversion layer (Fig. 11(b)), 
involving a sharp discontinuity in the vertical refractive 
index gradient. Millington® has shown that such a layer 
has unity reflection coefficient when the grazing angle is 
less than a critical value depending only on the total change 
of refractive index across the layer. Small changes in its 
height or structure can cause large phase shifts between 
direct and layer-reflected waves, which can promote deep 
fading under the conditions described. Above the critical 
angle, which seldom exceeds 4°, layer reflections and the 
associated fading decline very. sharply. 

When an elevated inversion layer separates terminals of 
widely differing altitudes (Fig. 11(c)), total or near-total 
reflection at the layer’s lower surface may prevent trans- 
mission through it to the receiver. The formation and 
disintegration of this layer, or changes in its height or 
structure, may promote and later destroy this critical con- 
dition, thus again causing fading. Crawford and Jakes™ 
emphasize that this fading, not being an interference 
effect, is not subject to diversity improvement. Rivet® 
points out that it can be long-lasting. A similar effect, 
associated with trapping within a duct, may occur when 
the lower terminal lies within the layer. In this case the 
fading is explainable, with certain reservations, in terms 
of total internal reflection at the layer’s upper boundary. 

With shortening wavelength, propagation is increasingly 
influenced by. random irregularities in the atmospheric 
refractive index, whose existence has been directly revealed 
in fine detail by microwave refractometer measurements 


made by Essen* in the laboratory and by Bussey and 
Birnbaum® in aircraft. By using 4000Mc/s pulses of 
3musec duration over a 28-mile path devoid of ground 
reflections, de Lange” has revealed the simultaneous 
presence on summer nights of two or three distinct radio 
paths through the atmosphere (Fig. 11(d)), resulting from 
the irregularities just discussed. Pulses travelling by these 
paths had a maximum time separation of 7musec, corre- 
sponding to a 7ft path difference. It was inferred from 
fading observations that path differences of only 6in were 
sometimes present. In this situation a c.w. transmission 
would be subject to interference fading between the 
multiple paths. 





Fig. 11. Situations promoting microwave fading 


Several other workers have strikingly illustrated this 
effect with oscillograph displays of changing microwave 
signal levels as the transmitted frequency was quickly and 
linearly varied through 400Mc/s in the 4000Mc/s band. 
Fig. 12 shows samples of many traces obtained by Kaylor” 
over a path in Iowa having negligible ground reflections. 
During summer nights the traces often changed signifi- 
cantly within a few seconds. Mathematical synthesis of the 
observed waveforms revealed the amplitudes and delay 
times of the significant signal components, of which the 
following table is a sample: 





Signal ampli- 
tude relative 


to that of first | 1 0-45 


0:26 | 0-10 0-115 | 0-025 | 0-02 
pulse received | | 


Delay 
millimicro- 
seconds, or | O | 0-122 | 0-370 | 2:86 3-14 3-9 


time, 


path = differ- | 
ence, feet 
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Kaylor draws the following conclusions: 

(1) All deep fades are frequency-selective, and associated 
with a general loss over the band of about 10dB 
relative to the daytime level, due probably to short- 
delay signals of substantial amplitude. 

All deep fades need 4 to 6 components for adequate 
synthesis. 

Although weaker than short-delay components, long- 
delay components critically influence the shape of 
deep fades. 

Crawford and Jakes® describe similar observations over 
another path in conjunction with conventional recording 
of an undeviated 4195Mc/s transmission. The authors 
observed level frequency-sweep patterns during daytime 
when the conventional recording showed a ‘free-space’ 
level, and also when signals occasionally. exceeded the free- 
space value by 10 to 15dB (a condition tentatively 


(dB) 





a 
< 
= 
a 
2) 
z 
> 
< 
(=) 
° 
= 
w 
}° 
a 
< 
” 
” 
° 
4 
x 
be 
< 
a 


40 ee a 
3800 90 4100 4200 
FREQUENCY (Mc/s) 
curves (after Kaylor) 


Fig. 12. Typical path loss-frequency 


to trapping or focusing within a surface duct). 
behaviour resembled that found by Kaylor”, 
several signal components with delays up to 


attributed 
At night 
exhibiting 
10 musec. 

The authors supplemented these observations with 
vertical angle-of-arrival measurements on 24 000Mc/s, 
made by nodding an aerial of 0-12° vertical beamwidth 
through an angle of 2°. The system could detect changes 
of 0-05° in vertical arrival angle. During daytime a single 
ray was usually indicated, while at times of exceptionally 
strong signal this widened into a solid wedge of rays, 
(plausibly attributable to focusing) covering a sector of 
0-8°. At night three individual rays separated by about 
0-25" were sometimes seen, or two rays about 0-°5° apart 
appeared. 

The three techniques just described convincingly demon- 
strate that, under temperate summer conditions, micro- 
wave paths may carry three or more signal components 
with maximum delays of about 10musec. De Lange” notes 
that this dispersion limits the ultimate performance of 
microwave multiplex systems. 

Paths with small ground clearance may fade due to a 
spell of atmospheric sub-refraction causing significant 
diffraction loss through reversed ray bending (Fig. 11(e)). 
Over a 374 mile near-grazing path, Thompson* has observed 
30dB fades on 4000Mc/s clearly attributable to this 
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mechanism. He calculates that under these conditions the 
reversed ray radius of curvature was 5-5 times the earth's 
radius, equivalent to an effective earth radius factor of 
only 0-85. 
DIURNAL AND SEASONAL VARIATIONS 

Microwave propagation is profoundly affected by refrac- 
tive index variations in the lower atmosphere amounting 
to only a few parts in a million, and thus diurnal, seasonal 
and weather changes are reflected in propagation behaviour. 
Many workers have noted the disturbing effects of noc- 
turnal temperature inversions near the ground, caused by 
cooling of land by radiation on clear windless nights. 
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Fig. 14. Seasonal fading variations on 6-Scm (after Durkee) 


Particularly during summer, an associated humidity lapse 
assists the inversion in forming a ground-based or slightly 
elevated super-refracting layer which can enhance signal 
strength by reducing diffraction losses, or cause fades from 
layer reflections at grazing incidence. The latter effect is 
illustrated on Fig. 13, after Megaw’, which shows pro 
nounced nocturnal fading on 9:-2cm over a 38 mile land 
path near London. Discussing prolonged tests over this 
path, Megaw* and Smith-Rose and Stickland™ note the 
tendency to abnormally high signal strengths on cloudless 
summer nights, while Bray and Corke’ mention early 
morning fading in similar conditions over a neighbouring 
28 mile path tested on 3930Mc/s. Bean, discussing 
1 046Mc/s tests between a mountain site in Colorado and 
a low site 70 miles away, notes maximum fading at night 
between May and September, always associated with low- 
level irregularities in vertical refractive index gradient 
measured near the path. 

Durkee’, and subsequently Millar and Byam”, have made 
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long-term signal recordings over a 42 mile land path near 
New York, using wavelengths ranging from 42 to 1-25cm. 
Diurnal variations, pronounced in summer and weak in 
winter, showed maximum fading in early morning and a 
stable period round noon, with fading generaily increasing 
in severity with decreasing wavelength. Fig. 14, after 
Durkee, illustrates the enhanced fading in summer charac- 
teristic of all wavelengths and most land paths. 
Vecchiacchi® and Carassa* have noted similar effects 
during 500 and 1 000Mc/s tests over ‘ high-low’ land paths 
in Italy, ranging in length between 83-5 and 196km. Fading, 
which was generally worst in August and least in March, 
was deeper and more rapid on the higher than on the lower 
frequency. Fig. 15 from the above authors, which covers 
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three separate years, shows median values of maximum 
and minimum signal strength for each hour of the day for 
the whole of August, and for two paths. The charts show 
the increased variability characteristic of the higher fre- 
quency and the longer path. The reduced fading between 
1200 and 1800 hours results from the minimizing of 
atmospheric stratification during this period by convection 
above heated ground. It is noteworthy that 1 000Mc/s 
variations over the longer path altered very little in two 
successive years. 

Day and Trolese™ have investigated diurnal changes over 
a 27 mile path in the Arizona Desert, using 5 microwave 
transmissions and numerous aerial heights up to 190ft. 
Simultaneous meteorological soundings showed the regular 
recurrence between 1 800 and 0900 hours of a ground-- 
based super-refracting layer 100 to 200ft thick, which in 
early morning intensified into a weak surface duct. During 
the rest of the day refraction was generally slightly sub- 
standard. Hourly height-gain tests reflected the diurnal 
atmospheric changes. Between 0900 and 1800 hours, 
regular interference fringes due to ground reflection were 
evident on 3300 and 9375Mc/s, but after 1500 hours 
the fringes progressively contracted due to increasing 
surface refraction. By 1900 they had become completely 
incoherent. Random patterns persisted until about 0900 
next morning, when conventional fringes reappeared with 
the return of normal atmospheric conditions. It is signi- 
ficant that, apart from some signal strength enhancement 
near the ground, height-gain curves on 1 000 and 520Mc/s 
were hardly influenced by the nocturnal duct. 
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Fig. 15. Summer fading characteristics (after Vecchiacchi and Carassa) 
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For sea paths, particularly when they are well clear 
of coast lines, diurnal variations may be intermittent or 
totally absent, for reasons connected with the sea’s thermal 
properties. Gudmandsen and Larsen* have occasionally 
observed oversea diurnal effects on 17 and 64cm, with 
maximum variations in late afternoon. They also observed 
seasonal variations with maximum variability in spring. 
A 92cm path across Cardigan Bay, discussed by Megaw* 
and Smith-Rose and Stickland’, exhibited no diurnal 
effects, and judged by variations in mean daily signal 
strength appeared free of seasonal variations also. 


WEATHER INFLUENCES 


Broad generalizations can be made on the effects of 
weather On microwave propagation. Calm cloudless 
weather promotes nocturnal signal 
variations over land paths of the type 
discussed by Megaw’, Smith-Rose and 
Stickland’, Bray and Corke™, and 
Bean™. Vecchiacchi® and Carassa* 
have observed long periods of stable 
signal in rainy weather. Millar and 
Byam® noted low signal strength on 
9 550Mc/s, connected with prolonged 
thick fog, while lower frequencies were 
unaffected. Smith-Rose and Stickland 
have noted both low and high signal 
strengths associated with fog on 
separate occasions. Disturbances from 
frontal conditions have been observed 
by the above and by Mismé®, who 
also treats the effect theoretically. 
Tests described by Klein“ over a 
es. 106km path in the Swiss Alps illus- 
trates the remarkable absence of 
fading peculiar to high altitude paths. 
Signal variations in June on 15cm 
amounted to only +6dB, a fact attri- 
buted by Klein to the prevention of 
atmospheric stratification by vertical 
air currents in Alpine valleys, and to the low humidity. 

A theoretical investigation by Ryde® has shown that 
while the attenuation due to all kinds of precipitation and 
fog increases rapidly with frequency, it is negligible below 
5 000Mc/s. At 10000Mc/s, rain covering a 30 mile path 
might cause an attenuation of about SdB. 
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Statistical Aspects 

Random processes inherent in microwave propagation 
through an inhomogeneous atmosphere necessitate a statis- 
tical approach to many problems. Many useful methods of 
statistical analysis, which cannot all be discussed here, 
have been employed by Gudmandsen and Larsen in an 
exhaustive investigation of oversea microwave propagation 
in Denmark, and by other authors already mentioned. It 
must suffice here to discuss a few points of particular 
statistical interest and importance. 


STATISTICAL PROPERTIES OF FADES 

Investigation of the statistical character of fading is 
becoming increasingly important, not only in connexion 
with signal reliability and its improvement by diversity 
systems, but also in relation to the speed of fading, which 
influences the phase stability of the received signal. With 
the rapid deveiopment of f.m. multiplex systems carrying 
progressively more channels, crosstalk and noise introduced 
by fluctuations in the phase of the received signal may 
become significant. 

Gudmandsen and Larsen™, Wheeler and Mathwich”® and 
others have observed that the durations of microwave 
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fades below a given level have an approximately log- 
normal distribution, so long as the path has sufficient 
clearance to avoid diffraction losses during subrefrac- 
tion periods. The average duration of fades, which is 
of considerable interest, decreases with the reference level. 
Fig. 16, after Gudmandsen and Larsen, shows observed 
relations between the reference level and the average fade 
duration below this level for oversea transmissions on 
17cm and 6-4cm during a 24 hour period. The curve clearly 
indicates the more rapid fading on the shorter wavelength 
for all but very high levels. 
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Fig. 16. Relation between signal level and fade duration for oversea path 
(after Gudmandsen and Larsen) Path length, 82km Test period, 





The above-mentioned workers found that the speed of 
fading expressed in dB/sec (both up and down) tended to 
increase with decreasing level. A day's test over a sea 
path on 64cm showed that for levels at least 8dB below 
the median, speeds as high as 4dB/sec (averaged over a 
Ssec interval) occasionally occurred. In general, low speeds 
were commoner than high speeds at all levels, and high 
speeds became progressively rarer with increasing level. 


THE INFERENCE OF PROPAGATION MECHANISMS FROM FADING 
STATISTICS 

Fig. 17 is a cumulative distribution derived from a fort- 
night’s measurements by Bray. and Corke” of a 3 930Mc/s 
sea path already discussed. Assuming propagation confined 
to direct and water-reflected paths, the expected behaviour 
in terms of the effective earth radius factor, K, is described 
by the full line (upper path) on Fig. 5. Because of the 
multiple nulls covered by the probable range of K, the 
phase difference between ray paths is virtually random 
when K varies. Changes in K alter the divergence factor 
at the sea surface, and thus the received signal is the 
resultant of two components in virtually random phase 
whose relative amplitudes are related to K in calculable 
way. Assuming a certain probability distribution of K- 
values, a theoretical signal strength distribution can be 
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calculated for comparison with the experimental curve. 
The dotted line on Fig. 17 shows such a curve, based on 
statistics of K-values derived by Gough* from oversea 
v.h.f. tests in the mediterranean, where it appeared that 
K was approximately Gaussianly distributed. Despite the 
possible inappropriateness of this distribution to the 
present path, agreement is good for levels exceeded for 
less than 95 per cent of the time. The progressive divergence 
above 95 per cent is associated with the unexpectedly deep 
fading noted by various workers. The discrepancy might 
be explained by a third small randomly phased component 
(itself possibly the resultant of many others) caused for 
example by turbulence or weak reflection from an inversion 
layer. 
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Signals comprising many components having various 
amplitudes in random phase should show a Rayleigh dis- 
tribution when the test period avoids long-term influences 
such as sub-refraction. Gudmandsen and Larsen*, Cabessa™ 
and Kaylor” give many distributions for periods of an 
hour and upwards which approximate well to Rayleigh’s 
law. Long-term measurements of sea paths made by the 
first three investigators for periods up to five months show 
fading close to the Rayleigh value and median levels often 
significantly. below free space. The latter effect may derive 
from reduction in aerial gain due to a non-uniform field 
across the aerial aperture in the presence of multiple ray 
paths. The ‘single aerial’ curve on Fig. 18, after Cabessa, 
shows a distribution derived from a 5 months’ oversea 
test on 2 000Mc/s, with Rayleigh’s distribution (curve (a)) 
added for comparison. The path in question has sufficient 
clearance to preclude the possibility of diffraction losses 
during sub-refraction periods, which may partly explain 
its long-term conformity with Rayleigh’s law. 

It is noteworthy that while the long-term distributions 
of Cabessa and Gudmandsen and Larsen indicate the 
general presence of multiple ray paths, Bray and Corke’s 
oversea test (Fig. 17) points to dominantly two-path propa- 
gation, for reasons possibly connected with the persistence 
of a well-mixed atmosphere in the latter case. 

The statistical investigation of fading mechanisms is 
complicated by field variations across the aerial due to 
multi-path effects. Increasing the aerial aperture increases 
the chance, at any instant, of a usable field somewhere in 
the aperture, with consequent reduction in fading. Cabessa, 
using small aerials over a sea path, measured a fading range 
of 37dB on 1 200Mc/s, while simultaneous measurements 
on 2000Mc/s over the same path with 10ft paraboloid 
aerials showed fades of only 25dB. 

Table 1 lists representative observed fading characteristics 
in temperate regions under the conditions specified. The 
fading depth, expressed relative to the median level, is 
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here defined as the depth exceeded for 0-1 per cent of 
the time, Rayleigh fading on this basis amounts to 28dB. 


Diversity EFFECTS 

As is well known, fades due to multi-path transmission 
are not always synchronized when separately received at 
two points spaced a sufficient distance apart. A like effect 
occurs when two transmissions over a common radio path 
differ sufficiently in frequency. In the frequency band under 
discussion, space and frequency diversity systems exploit- 
ing this principle can provide a useful increase in circuit 
reliability. The subject has been treated theoretically. by 
Jelonek, Fitch and Chalk®, with illustrative statistics 
derived from microwave measurements made in Wales. 

For maximum diversity advantage, fading on one channel 
must always be accompanied by high signal strength on the 
other, such that the correlation between signals is —1. 
This condition, termed by Bateman® ‘Complementary 
Diversity’, can only exist with coherent two-path propaga- 
tion, e.g., the situation approached in Bray and Corke’s 
Oversea test (Fig. 17). For two randomly fading signals 
(for example of the commonly experienced Rayleigh- 
distributed type), correlation can be zero but not negative. 
Experimental observation of negative correlation indicates 
either the existence of two coherent waves or the presence 
of sampling errors due to finite measuring time. 

Only the important case of two independently fading 
signals (between which the correlation is zero) can be 
considered here. If each signal falls below the usable 
threshold level for a fraction p of the time, they are both 
unusable together for only p® of the time, which may repre- 
sent a large improvement in reliability. Even when, as often 
occurs, some correlation between channels remains, a valu- 
able diversity gain may still be obtainable. 

The dotted curves on Fig. 18, given both by Cabessa™ 
and Gudmandsen and Larsen”, show (a) the conventional 


———,— 
| 
| 
| 


Space diversity reception 
= | (b) Diversity Rayleigh 
£_ distribution 
| 
=~. | 


a Bae, 


' 
Ww 





‘ oerial 
Path length, 9Okm over sea . reception 


Ol Frequency, 2000Mds | JR. 

Aerial spacing, 5°75m f@Rayleigh ~~ ) 
Aerial aperture, 3m T distribution ee - 
Test period, 5 months ) 
9% 80 90 95 98 9 05 98 999 
PERCENTAGE OF TIME INDICATED LEVEL WAS EXCEEDED 


1 
LS) 


i 
Ny 
w 


SIGNAL LEVEL RELATIVE 
MEDIAN VALUE (dB) 








Fig. 18. Effect of space diversity on oversea path (after Cabessa) 


Rayleigh distribution and (b) the diversity Rayleigh dis- 
tribution based on the selection of the strongest of two 
independently fading Rayleigh signals. The full-line curves, 
after Cabessa, show distributions for a 90km sea path 
obtained respectively with single-aerial reception (already 
discussed) and with diversity reception using 5-75m 
(vertical) aerial spacing. This diversity performance approxi- 
mates well to theoretical expectation, indicating satisfac- 
tory independence between the two signals. Cabessa con- 
siders that for best results over short paths, the diversity 
spacing should correspond to the distance between ‘ bright’ 
and ‘ dark’ interference fringes for reflection at a flat earth. 
In the present case his spacing somewhat exceeds this figure, 
but this is of small consequence because Rayleigh-type 
rather than two-path propagation is dominant, so that any 
spacing exceeding a certain minimum will suffice. 

For a 120-km sea path, which Cabessa considers to be 
the limiting distance for a high quality microwave link, 
fading with appropriate space diversity was 2dB worse, 
on a 0-1 per cent basis, than the diversity Rayleigh value. 


TABLE |! 


Representative Microwave Fading Depths 





PATH LENGTH DESCRIPTION 


(Miles) | (Km.) 


INVESTIGATOR 


28 45 


Bray and Corke'® \. London 


f Overland, 1 


Kaylor®’ 
\ Iowa, U.S. f£ 


(Overland, ) 
Millar and Byam** < near 
| New York ) 


f Overland, \ 
\N. Italy 

f Overland, ) 
UN. Italy f 


Carassa*! 


Bray and Corke'*® 65 


Cabessa** $ 90 Oversea, Greece 


i 


Gudmandsen 


8 
82! | f Oversea, ) 
and Larsen 5 


{ |\ Denmark f 





WAVELENGTH 
OR FREQUENCY 


f Overland, near \ | { 3930Mc/s 
{}\.3930Mc/s 


4190Mc $ 


( 16-2cm 

| 7-2cm 

+ 

| 4-7cem 

| 3-Icm 
1000Mc/s 
500Mc/s 

f Upper oversea) | [3930Mc/s | Single hour of worst fading in May? 40 

\ path, Irish Sea f | | 3930Mc/s 

2000Mc/s 

) (17cm 

} 64cm 


) 17cm 
54 J | 6-4cm | 


FADING DEPTH 
EXCEEDED FOR 
0°1°,0F THE TIME 
(dB) 


TEST PERIOD 


0200-0300 hours throughout May* 36 
(All hours in May except 0100-0400) 13 


July and August 


f Jan.-March inclusive 
| June-Oct. inclusivet 
f Jan.-March inclusive 
\ June-Oct. inclusivet 
{ Jan.-March inclusive 
\ June-Oct. inclusivet 
{ Jan.-March inclusive 
|. June-Oct. inclusivet 
27 (extra- 
polated) 
20 (extra- 
polated) 


Augustt 
August? 


Fortnight in Octobert 25 


24 (extra- 
polated) 


Jan.-June inclusive 


August-Sept. inclusive 24 
August-Sept. inclusive 20 
April-July inclusive 26 
10 days in May 29 








* Diurnal period of worst fading. t Season of worst fading. 
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Fig. 19 shows a 4 hour simultaneous record of diversity 
signals over this path. The resultant fading is defined by 
the upper boundary of the chart. While major fades on the 
two channels are mostly out of step, there is occasional 
synchronization, as for example at S. This is of course to 
be expected on statistical grounds when Rayleigh’s law 
Operates. With coherent two-path propagation diversity 
reception could theoretically be made virtually fade-free, 
and any lapse would have to be explained by some agency 
which attenuated each ray path about equally, e.g., fading 
of types (c) and (e) on Fig. 11. 

Gudmandsen and Larsen have made oversea diversity 
tests on 17 and 6-4cm, using aerials vertically spaced at 
such a distance as to avoid synchronized fading on a two- 
path basis with the range of atmospheric refraction likely 
to occur. Like Cabessa, they found good agreement with 
the diversity Rayleigh law for test periods of about a 
month. For single days, however, diversity gave sometimes 
less and sometimes more improvement than expected from 
this law. The occasional betterment of expectation suggests 
the spasmodic occurrence of coherent two-path propaga- 
tion, aS Opposed to the apparently predominating multi- 
path propagation. 
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Fig. 19. Space diversity reception over a sea path (after Cabessa) 


With the aim of mitigating fading by frequency diversity, 
Kaylor” has measured the frequency separation between 
two microwave transmissions over a common path required 
to avoid correlation between fades on the respective 
channels. He found that the requisite frequency separation 
increased with the depth of fading encountered. For 
example, in the 4000Mc/s band, fading of 10dB required 
a separation of 40Mc/s to avoid correlation, while fading 
of 20dB required a separation of 160Mc/s. 

Compared with long established h.f. ionospheric tech- 
niques, and with the scatter systems now rapidly evolving, 
the exploitation of diversity principles on conventional 
microwave links is still in its infancy. Under the stimulus 
of demands for increased information-carrying capacity 
with high circuit quality, coupled with the economic 
advantage of extended ranges, it is likely that this field will 
see much development in the near future. 
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Tropospheric Scatter Propagation 


By G. Millington*, M.A., B.Sc., M.LE.E. 


The physical mechanisms of long-distance propagation are reviewed with special reference to forward 

scattering. Recent research in the United Kingdom is described on the nature of the signal variations 

and their relation to meteorological conditions. The use of scatter links for wide-band systems 

is discussed, including the problems of tg naa and mutual interference due to frequency 
sharing. 


To article is a companion to the preceding one by 
M. W. Gough on ‘ Microwave line-of-sight propaga- 
tion’. The opening section of that article forms a general 
introduction to propagation in the u.h.f. and higher fre- 
quency bands and reference should be made to it in 
connexion with the present article also, particularly with 
regard to the division of the subject between the two articles. 

It may appear that the trans-horizon region in which 
there is a transition to the diffraction field has been 
neglected in passing from line-of-sight to scatter ._propaga- 
tion, but it should be borne in mind that at the present 
time there is no general agreement about the physical 
mechanism of long distance tropospheric propagation. It is 
interesting to note that at a recent Symposium at the 
Institution of Electrical Engineers on ‘ Long-distance 
propagation above 30Mc/s”™ the session on ionospheric 
propagation was entitled ‘Ionospheric forward scatter 
propagation’ whereas the sessions on tropospheric propa- 
gation were qualified by ‘beyond the horizon’ without 
specific reference to forward scatter. 

The subject of long distance tropospheric propagation 
has been intensively studied in recent years from two 
different points of view, (1) as a disturbing factor limiting 
the amount of frequency sharing that can be achieved in 
relatively short-distance applications such as optical relay 
links and television broadcasting, and (2) as a method of 
establishing long-distance communication links of several 
hundred miles by using large powers and high-gain aerials. 
The literature is already extensive and only a few selected 
references to survey papers and conference proceedings 
will be given here®**5 which themselves contain useful 
bibliographies. 

No attempt will be made to give a detailed review of 
all this work. Instead, the aim will be to assess the present 
position with regard to the successful development of 
tropospheric scatter links for long-distance communication 
on a world-wide basis. In the U.S.A. work has gone ahead 
on the establishment of operational links, whereas in the 
United Kingdom attention has so far been largely concen- 
trated on the better understanding of the propagation 
phenomena involved, as is shown from the papers con- 
tributed to the symposium already mentioned’. The iono- 
spheric research described at that symposium has revealed 
that the claims originally made for the general use of 
forward scatter circuits need careful revision, and it is 
found that in the tropospheric case also much thought 
needs to be given to the factors which may control the use 
cf long-distance tropospheric communications at any given 
time and place. 


Factors in Long-distance Trovospheric Propagation 


It is well known that the possibility of receiving 
signals far beyond the horizon on quasi-optical frequencies 
devends upon the existence of a non-homogeneous atmo- 
sphere. It is true that communication can be established 


* Marconi's Wireless Telegraph Co. Ltd. 


ELECTRONIC ENGINEERING 


over considerable distances by the mechanism of obstacle 
gain when there is a high mountain ridge between the trans- 
mitter and the receiver that is well optical from both 
terminals®, but this remarkable phenomenon can only be 
exploited in certain cases and does not enter into the con- 
sideration of long-distance transmission in general. It has 
also been suggested by Bullington’ that energy may be con- 
veyed into the diffraction region by scattering from the 
rough surface of the ground, but though this may be a 
contributory factor it is probably not a major one. 

If the non-homogeneity of the atmosphere had the form 
of a smooth variation of refractive index in the vertical 
direction such as a linear variation or one decreasing 
exponentially from the surface value to unity at great 
heights, the situation would lead to propagation over the 
surface of the earth characteristic of that through a homo- 
geneous atmosphere above an earth of modified radius. 
Under the conditions of a standard atmosphere the effec- 
tive radius would be the true radius modified by a factor 
of 4/3. This would give an increased horizon distance, but 
no major increase of range beyond the horizon. 

When there is a large negative gradient of refractive 
index at the surface of the earth, super-refraction occurs 
and a radio duct can be formed leading to anomalous 
propagation in which strong signals can be obtained at 
great distances. This aspect of long-distance propagation 
will not be considered in detail here. though it is an 
important factor, especially in tropical regions, in the dis- 
turbance caused for certain small percentages of time to 
services working on a frequency sharing basis. 

It has been maintained by Carroll and Ring® that partial 
reflections at all levels within a smoothly graded atmosphere 
are of themselves sufficient to explain propagation to long 
distances, but it appears from their analysis that this con- 
clusion is a result of the model they have used, namely a 
bi-linear distribution of refractive index in which at a 
certain height there is a discontinuity in the gradient. At the 
shallow angles of propagation involved, such a discontinuity 
can give rise to appreciable reflection and thus profoundly 
modify the attenuation of the propagation modes in the 
diffraction region. 

This mechanism does, however, draw attention to the 
general phenomenon of partial reflections from elevated 
layers in the troposphere where there is a rapid change of 
refractive index over a small range of height associated 
with changes in temperature and humidity. It is well 
known from meteorological soundings by radio-sonde and 
from refractometer measurements made in aircraft® that 
such layers often occur, and there is now a large body of 
evidence that the presence of such layers can give rise to 
long-distance propagation. Under many conditions, partial 
reflections are a major factor, while some authors” even 
claim that such reflections from high level layers, and in 
particular from the tropopause. are the sole cause of long- 
distance tropospheric propagation. 

The scattering theory itself is based on the idea that 
there exists in the troposphere a series of scattering centres 
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or ‘blobs’ in which the refractive index differs from the 
mean value for the surroundings. These blobs can scatter 
energy falling on them in various directions and the polar 
diagram of the scattered energy depends on the scale size 
of the ‘blob’, the wave frequency, the scattering angle 
between the direction of the incident wave and the scatter 
direction under consideration, and upon the law of distribu- 
tion of refractive index assumed. 

At the Symposium!’ all these factors affecting long- 
distance tropospheric propagation came under review and 
a division of the papers was made into two categories: 
(1) those dealing with transmissions in which the mechanism 
was primarily one of reflection from elevated layers, and 
(2) those in which the propagation was thought to be by 
forward scattering from ‘blobs’ formed by turbulence in 
the atmosphere. The first dealt with the trans-horizon 
region and with reception at considerable distances for a 
small percentage of time of high field-strengths capable 
of causing interference between services sharing the same 
frequency in well separated areas. The second was con- 
cerned mainly with the relatively weak signals receivable 
continuously at long distances up to several hundred 
kilometres. 

It is interesting to note in retrospect that the first category 
dealt entirely with transmissions on frequencies below 
300Mc/s, i.e. in the v.h.f. range and the second with fre- 
quencies above 300Mc/s, i.e. in the u.h.f. and s.h.f. ranges. 
It is in these higher frequency bands that work is going 
ahead with the aid of large powers and high-gain aerials 
to use the weak but continuous signals for long-distance 
communication by tropospheric propagaticn. The remainder 
of this article will be concerned with this aspect of the 
subject and in particular with the work being carried out 
in the United Kingdom. 


Long-Distance Forward Scatter Propagation 

Evidence of the propagation of microwaves well beyond 
the horizon has been accumulating for more than a quarter 
of a century and it has been pointed out that Marconi 
was among the pioneers in studying this part of the radio 
spectrum", It was not, however, until after the develop- 
ment and use of microwave radar that Pekeris® in 1947 
first put forward the suggestion that a scattering process 
might be involved. In 1949, Megaw" carried out a pioneer 
experiment establishing beyond doubt that at.a certain dis- 
tance beyond the horizon the exponential decrease of field 
strength in the diffraction region gives place to a much 
slower decrease with distance, so that a detectable signal 
persists out to great distances. 

The signals are not constant, in fact it was the nature of 
the fading to which they are subject that led to the scatter- 
ing theory which was first worked out in detail by Booker 
and Gordon" and subsequently on a somewhat different 
basis by Villars and Weisskopf'® and by Batchelor” 
Megaw’s own independent theoretical work has recently 
been published posthumously”. The subject of turbulence 
and the formation of eddies is complex and no attempt 
will be made here to compare the various scattering 
formulae that have been derived, especially as it is difficult 
to decide between them from the experimental results. They 
have, however, been reviewed by Johnson” who points out 
the danger of attributing differences between theory and 
observation to wrong assumptions about the scattering 
parameters when there may be the unsuspected presence 
of radio ducts or elevated inversion layers modifying the 
propagation process. 

The explanation of the observed results in terms of 
scattering from atmospheric turbulences is based on the 
condition that the fading of the signals is random in 
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character, though an equivalent effect could be produced 
by the addition of a numoer of coherent signal components 
in random relative phases arising, for example, from partial 
reflections from a number of discontinuities of limited 
extent. Actually the signal is often the resultant of a random 
component and an intermittently coherent component, even 
at considerable distances and when the field-strength is 
only of the order associated with the scattering process. 
Such a signal has been termed * quasi-scatter”*' and is 
sometimes revealed in a statistical analysis of a fading 
record by the departure from a Rayleigh law typical of a 
random signal. Even at 10000Mc/s there is evidence that 
partial reflections may play. some part as well as scattering 
in the propagation mechanism”. In analysing records 
obtained from tropospheric scatter links to determine the 
characteristics of forward scattering by atmospheric turbu- 
lences, care has to be taken to exclude cases where propa- 
gation in a radio duct or by partial reflections from elevated 
layers is revealed by an unusually high signal level. 


Recent Work in the United Kingdom 

In reviewing the work in progress in the United King- 
dom, attention will be mainly directed towards the general 
results that have been obtained. With the exception of the 
experiments that have been conducted by the Admiralty” 
in which measurements have been made at sea out to ranges 
as great as 700km, the tests have been made over fixed dis- 
tances wholly or mainly overland. These distances lie in 
the range 150km to 400km, and the frequencies in the 
range 850Mc/s to 3500Mc/s, apart from one of the 
Admiralty tests carried out on about 10 000Mc/s. 

Although some tests have been made with speech modu- 
lation, the transmissions have been on continuous wave to 
obtain amplitude recordings for studying the various propa- 
gation characteristics upon which the successful use of 
communication circuits depends. These will be dealt with 
briefly in turn. 


ATTENUATION LOSS RELATIVE TO THE FREE-SPACE SIGNAL 

In agreement with the scattering theory as applied to the 
kind of turbulence that is believed to occur in the tropo- 
sphere, the increase of the attenuation or transmission loss 
with frequency between 300Mc/s and 3000Mc/s is not 
great, though at 10000Mc/s the effect of atmospheric 
absorption is becoming important. The frequency depend- 
ence is in fact much less severe than in the case of iono- 
spheric forward scatter propagation. In the region beyond 
the horizon where the permanent scattered signal first pre- 
dominates over the diffracted signal, it is of the order of 
50dB below the free space value, but the attenuation with 
distance is only 0-1dB/km increasing to 0-2dB/km at 
10 000Mc/s. 

Even on 300Mc/s at the lower end of the u.h.f. band, 
the rate of attenuation of the diffracted field under standard 
atmospheric conditions is 0-65dB/km and the field falls 
below the level of the scattered signal at about 60km 
beyond the horizon. At 3000Mc/s this attenuation rate is 
1:-4dB/km and the scattered signal takes over from the 
diffracted field within about 30km of the horizon. 


DIURNAL AND SEASONAL VARIATIONS 

The above figures for the scattered field are of course 
approximate as they are subject to diurnal and seasonal 
variations. In broad terms the signals are greater by night 
than by day with an overall variation of the order of 10dB, 
while they are from 5 to 10dB weaker in the winter months 
than in the summer. These conclusions depend somewhat 
upon the method of averaging, according. for instance, to 
whether daily or hourly median values are taken, and upon 
the way. in which allowance is made for non-standard con- 
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ditions typified by ducting or the presence of inversion 
layers. 

These conditions are more likely to occur by night than 
by day and may have an influence on the night-time 
estimates. There is some evidence that the signal is most 
likely to be a purely scattered one in the early afternoon 
with the suggestion that the seasonal variation should be 
based on measurements made between 1200 to 1 400 
hours”. 


FADING CHARACTERISTICS 

An indication that the signal is effectively a scattered one 
is obtained when the fading is rapid and the amplitude 
exhibits a Rayleigh distribution. Under these conditions a 
typical fading rate is one per second between limits of 
+10dB relative to the median value. This fast fading is 
sometimes superimposed on a more slowly. varying signal 
with a rate of only a few per minute but with a fading 
depth of 20dB or more, implying the presence of another 
mechanism of propagation. 

The Rayleigh distribution strictly refers to measurements 
made over a short interval of time. Variations in the tropo- 
sphere which cause changes in the scattering coefficient 
associated with the turbulences make the distribution 
measured over longer intervals tend towards the log-normal 
type. A modified Rayleigh distribution has been found in 
those cases where a coherent mode of propagation is pre- 
sumed to be present under quasi-scatter conditions”. 
BEAM SETTING REQUIREMENTS 

Tests have been carried out to find the optimum aerial 
arrangements with regard to beam gain and setting. On the 
basis of a presumed scattering mechanism, theory. indicates 
that at the scattering source the angle between the direction 
from the transmitter and the direction to the receiver 
should be kept as small as possible. For an assumed 


height of the source this scattering angle is least for the 
mid-way point in the great-circle plane through the trans- 
mitter and receiver. 


It is in fact found necessary to keep the angle to a 
minimum by directing the beams at the horizon. It is there- 
fore important to choose a site with an unobstructed hori- 
zon and indeed it is beneficial to use high terminals where 
possible and to direct the beams downwards to the hori- 
zon. Measurements show that even on 860Mc/s at a 
distance of 160km the received signal drops by about 
14dB if the transmitting and receiving beams are elevated 
together by as little as 3°. 

In the horizontal plane over the same circuit the signal 
dropped by 15dB when the beams were moved together 
through 3° from the great-circle plane. In such a case the 
drov in signal may not be solely due to the consequent 
increase in the scattering angle, but also to the failure of 
the beams to intersect at a sufficiently low level in the 
troposphere. It apvears in fact that with increasing height 
the intrinsic scattering coefficient decreases quite apart from 
the value of the scattering angle. There is thus a limited 
scattering volume which is effective in conveving the signal 
from a transmitter to a receiver at a given distance. 

It is thus essential to use a beam that is as narrow as 
possible in the vertical plane and narrow enough in the 
horizontal plane to lie inside the relevant scattering volume. 
On the other hand the exveriments show that it is desirable 
to illuminate the whole of the scattering volume, and that 
if the horizontal polar diagram is narrowed further than 
is necessary the extra gain of the aerial on a plane wave 
basis is not achieved. 


POLARIZATION CHARACTERISTICS 
Tests carried out™ on about 860Mc/s at distances of 
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160 and 320km have shown that the polarization of the 
signals received by forward scatter propagation is preserved 
to a high degree independently of the initial state of 
polarization launched by the transmitting aerial. Records 
taken on receivers with the correct and crossed polarization 
consistently showed a difference of 30dB or more, the 
suppressed signal often being among noise. 

It appears that the transmission characteristics do not 
depend upon the state of polarization which is substan- 
tially maintained over a scatter link. This fact precludes 
any use of polarization diversity such as can be used in 
long distance high-frequency communication by normal 
reflection from the ionosphere due to the anisotropic 
nature of the medium in that case”. 

HEIGHT-GAIN RELATIONS 

In ground-wave propagation under standard atmospheric 
conditions over smooth terrain there exists over the wave- 
front at the receiving point a coherent amplitude and phase 
relationship. As a result there is a definite height-gain func- 
tion determined by the superposition of an incident and 
reflected wave system above the surface of the earth. With 
a signal consisting of a number of randomly related com- 
ponents arriving over a small cone of angles from the 
scattering volume, the interference pattern above the earth 
should be blurred and variable with time. However, depend- 
ing upon the measure of incoherence across the wave- 
front, some vestige of a height-gain relationship may exist 
near to the ground. 

Height-gain measurements were made on the 320km link 
on 860Mc/s already mentioned®. A well defined inter- 
ference pattern was obtained up to a height of 10m, but 
at greater heights the maxima and minima decayed and 
showed little coherence between successive tests. The differ- 
ence between the maxima and minima was only of the 
order of 3dB, and there was no sign of the large height- 
gains that would be exhibited by a purely diffracted signal, 
indicating the entirely different mechanism by. which the 
energy reaches the receiver at large distances beyond the 
horizon. 

The effect is thus of little practical interest especially as 
the dimensions of a high-gain aerial system such as a large 
parabolic dish are great compared with the scale of the 
interference pattern. Such tests, however, may give some 
indication of the scale of the incoherence across the 
incident wavefront and of the position of the scattering 
source. 

On the other hand, as has already been pointed out, there 
may be some advantage in placing a terminal at a con- 
siderable height, e.g. on a convenient hill-top, where the 
horizon direction may lie appreciably below the horizontal 
plane through the aerial. 


Diversity MEASUREMENTS 

It is well known that the troubles caused by fading in 
long-distance radio communication can be alleviated by 
the use of some form of diversity reception. It has already 
been seen that no use can be made of polarization diversity 
at a given point, but frequency and space diversity can be 
employed with advantage. So far no tests have been carried 
out in the United Kingdom on frequency diversity, but 
correlation measurements have been made on signals 
received on aerials spaced both vertically and horizontally. 

Preliminary tests on 3 500Mc/s show that at times the 
vertical spacing has to be increased to 25 wavelengths 
before the correlation coefficient drops to zero, and that 
the figure is somewhat greater for horizontal spacing. On 
860Mc/s respective figures of 35 and 55 wavelengths have 
been obtained for a correlation coefficient of 0-2. 

The figures are very variable, depending upon the chang- 
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ing characteristics of the troposphere. They indicate, how- 
ever, that it may be advisable to use a spacing as large as 
100 wavelengths if the full benefit of this type of diversity 
reception is to be obtained. 


AIRCRAFT EFFECTS 


In the development of tropospheric scatter circuits for 
long distance communications, it has been realized from 
the start that reflections from aircraft, which are the basis 
of their detection by radar, would cause interference. 
Special observations have been made in the 860Mc/s and 
3 500Mc/s tests of the aircraft effects which appear on a 
continuous wave transmission as a sinusoidal oscillation 
on the record caused by the characteristic Doppler beat 
between the wanted scatter signal and the signal changed 
in frequency by reflection from the moving aircraft. 

In view of the large number of aircraft in flight over 
the United Kingdom, it is difficult to identify a given 
interference effect with a particular aircraft, except in some 
of the cases when the aircraft is in sight and its move- 
ment in relation to the path of the tropospheric link can 
be observed. The problem of the reflection received from 
an aircraft in relation to its position in the scattered field 
set up by the transmitter is complex, but it can be shown 
that the signal is strongest when the aircraft is near to 
either terminal. 

On both frequencies this was found to be the case with 
respect to the receiving terminal and under such condi- 
tions the signal can be comparable with the wanted 
scatter signal. Although the phenomenon should be 
reciprocal, attempts to correlate interference effects at the 
receiver with the presence of aircraft in the vicinity of 
the transmitter on 860Mc/s had no success. It was, 
however, found during siting tests that when the receiver 
was unfavourably placed with the horizon obstructed by 
rising ground, the aircraft signals could overwhelm the 
wanted signal. 


METEOROLOGICAL FACTORS 


As the mechanism of long-distance tropospheric pro- 
pagation is essentially bound up with the physical proper- 
ties of the lower atmosphere, it must obviously depend 
upon the meteorological situation typified by the weather 
existing along the transmission path. The diurnal and 
seasonal variations in the received signal must in some 
way be associated with changing atmospheric conditions. 
Attemnts have therefore been made to correlate weather 
data obtained from the nearest meteorological stations 
with the signal variations. 

It is. however, difficult to assess the true situation along 
the path from measurements taken intermittently at 
isolated points which are not actually on the path or 
near the mid-point, so that correlations with hourly 
median values are in general impracticable. The making 
of a continuous and detailed study of the refractive index 
all along the path is a formidable task that has not yet 
been attemnted in the United Kingdom, and some of the 
difficulties involved may be appreciated by reference to 
an elaborate nroject carried out in New Zealand some 
years ago”. However, the development of a sensitive and 
quick-acting refractometer for use in an aircraft is a step 
towards this end. 

The information obtainable from such a meteorological 
survey is, moreover, more likely to be concerned with the 
existence of refractive index gradients and sharn inversion 
layers that give rise to periods of propagation by ducting 
and by partial reflections when the signal is strong com- 
pared with the normal scattered signal under considera- 
tion. Even so, attempts to correlate such occasions with 
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specific weather conditions have been largely inconclusive 
apart from general trends established on a long term 
basis”. 

The most that has been done in the United Kingdom 
tests is to show that there is a significant correlation be- 
tween the mean refractive index gradient and the median 
signal strength®*, the presumed explanation being that 
with an increase in the gradient there is an increased curva- 
ture of the ray paths from the transmitter to the scattering 
volume and from the latter to the receiver, leading to a 
decrease in the associated scattering angle and hence to 
an increase in the received signal. 


A significant correlation has also been claimed between 
wind velocity measurements and the movements of the 
scattering centres across the transmission path as deduced 
from time delays between the amplitude records made on 
two aerials spaced horizontally transverse to the path”. 


The experiments all agree that the signal is enhanced 
during fog or misi, though on the highest frequencies 
dense fog causes a reduction in signal due to atmospheric 
absorption. Heavy rain or snow can likewise depress 
the signal considerably over the whole frequency band, 
the attenuation being of the order of 0-06dB/km at a fre- 
quency of 3 500Mc/s. Under anticyclonic conditions the 
signal on 3 500Mc/s tends to be below average, while on 
lower frequencies the fading is often deeper and slower 
than during the well mixed atmospheric conditions asso- 
ciated with cyclonic weather. 

It is not clear to what extent these observations imply 
a connexion between the weather and the nature of the 
turbulences responsible for the scattered signal. It appears 
that some degree of stratification may assist the scattering 
process, but such a conclusion is difficult to establish 
because of the effect of such stratification on the signal 
by the formation of ducts and partially reflecting layers. 


Conclusions 

The experimental results and the difficulty of relating 
them precisely to the meteorological conditions emphasize 
the complexity of the problem under consideration. In 
the Introduction it was stated that there is no general 
agreement about the physical mechanism of long distance 
tropospheric propagation and this is exemplified by the 
fact that for much of the time the process is not one of 
pure scattering typified by a Rayleigh distribution of signal 
amplitude. Changing weather conditions often imply the 
presence of some measure of layer or duct formation, and 
where the reflecting layers may not be continuous over 
a large area but broken up into a number of reflectors 
of limited extent, the signal may be the resultant of a 
number of partial reflections in random relationshiv and 
similar in characteristic to scattering from turbulences. 

When such reflecting areas become comparable with the 
size of the scattering centres, there is experimentally no 
clear cut distinction between the two mechanisms. This 
is equivalent to saying that the fundamental physical 
process is one of scattering and that reflection from a 
plane surface of sufficient extent represents a_ limiting 
condition in which the scattering is completely coherent 
While the theoretical study of the formation of turbulent 
eddies is of great importance and the statistical analysis 
of scattering on certain idealized assumptions has led to 
a knowledge of the general form of the laws of scatter- 
ing, it is doubtful whether it is fruitful to pursue this line 
of approach in great detail in the attempt to explain the 
experimental results 

The tests have shown the need to establish the propa- 
gation characteristics by experimental observation, the 
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theory acting as a general guide in the interpretation of 
the records. The United Kingdom results in general fall 
into line with those found in the U.S.A. and in northern 
Europe insofar as the average meteorological conditions 
are similar. There is plenty of evidence that in tropical 
regions, especially in the desert regions of the Middle East, 
the mechanisms of partial reflection and ducting can play 
a dominating part at some seasons of the year, giving 
rise to very strong signals for hours at a time. 


As far as is known, no really long distance u.h.f. tropo- 
spheric link has been established in the United Kingdom 
on an operational basis. Steps are now being taken to 
engineer such a circuit that can be modulated for traffic 
and pulse transmissions to implement the findings of 
the experimental links. Preliminary tests with speech 
modulation over the experimental links have shown promis- 
ing results, though it must be remembered that in the case 
of this type of intelligence the ear and mind are tolerant 
to momentary breaks due to fading that would be un- 
acceptable with some other modulation systems. 

On the other hand these tests were carried out without 
the use of diversity reception and with lower transmitted 
power than would be employed in a fully engineered cir- 
cuit. Tests must be made with such a circuit making full 
use of diversity reception before it is possible to pronounce 
with complete confidence on the operational performance 
of tropospheric links for any projected service. In parti- 
cular, such tests are needed to study with the aid of pulses 
the problem of time delays in relation to multi-channel 
working and television relaying. 

These time delays are known to be much shorter with 
tropospheric than with ionospheric forward scatter propa- 
gation because of the much lower level at which the 
scattering occurs and of the small volume of the medium 
involved, but troubles may occur at times of abnormal 
propagation when the mechanism ceases to be solely one 
of scattering. The problem of available bandwidth is a 
complex one, but some discussion of it has been given 
in a recent paper by Saxton” who concludes that the pros- 
pects for television relaying are promising. Although some 
claims have already been made in this direction”, it is not 
proven that the mechanism was truly that of tropospheric 
scattering, and as far as is known, no long term perform- 
ance tests have yet been carried out to substantiate the 
possibility of, for example, bridging the Atlantic by a 
chain of long-distance tropospheric television links. 

There are obvious reasons for employing this mode of 
propagation for military purposes, especially across in- 
accessible intervening terrain, even if the performance is 
not as perfect as would be demanded of a commercial in- 
stallation. The problem of using such a link in preference 
to a chain of line-of-sight relays where the latter is prac- 
ticable in an economic as well as a technical one, and as 
such is outside the scope of this article. 

As in many other applications of radio, some measure 
of disturbance must be expected which has to be tolerated, 
provided it can be kept within acceptable limits. Mention 
has been made of aircraft effects. Although a large 
measure of protection will be obtained by the use of highly 
directive aerials, it obviously cannot be entirely eliminated 
in regions of high air-traffic density. Where the tyne of 
modulation permits, use can be made of error detection 
and correction methods, but these would presumably not 
apply for television where storage techniques are difficult 
to envisage. 

Finally it may be pointed out that the use of this new 
mode of propagation raises further problems of frequency 
allocation and sharing. It is worth noting that in inter- 
national circles this aspect of the problem is already 
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coming under review and attention is being drawn to 
possible interference problems under conditions of 
abnormal propagation in view of the large powers that 
will be used. It is well known that serious difficulties 
have been met in the case of ionospheric scatter propa- 
gation which are requiring special measures to overcome 
them. It is important that in the case of tropospheric pro- 
pagation such difficulties should be anticipated as far as 
possible in the preliminary research survey along the lines 
that have been discussed in this article. 
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MICROWAVE LINK DEVELOPMENT in the Radio 


Laboratories of the Post Office Engineering Department 


By. C. F. Floyd*, M.A., A.M.LE.E. and R. W. White*, B.Sc., F.Inst.P., A.M.LE.E 


The contribution made by the Radio Branch Laboratories of the Post Office to broad-band micro- 
wave system development is surveyed. Their work includes the design and installation of complete 
point-to-point 4000Mc/s television and multi-channel telephony systems and associated test 


HE British Post Office has had a close 

interest in the development of point-to- 
point radio circuits since the earliest days 
of radio communication, and its Radio 
Development Laboratories at Dollis Hill 
and elsewhere are concerned with research 
and development on new systems and with 
the investigation of new measuring and 
testing techniques. 


The development of modern broad-band 
links Owes much to earlier work on v.h.f. 
links before and during the war'®. The 
last two decades have seen a rapid growth 
of interest throughout the world in micro- 
wave radio systems for multi-channel tele- 
phony or point-to-point television distribu- 
tion. Many laboratories have made impor- 
tant contributions to the art and _ the 
pioneering work of the Bell Laboratories 
in America has been of fundamental 
importance. Significant contributions have 
also come from the laboratories of several 
British firms. This article is, however, 
restricted to a survey of some of the work 
of the Post Office Radio Laboratories; 
limitations of space preclude much detail, 
and for further information reference 
should be made to the extensive biblio- 
graphy. 


Microwave Systems 


In 1946 a one-way experimental tele- 
vision link operating at approximately 
200Mc/s was established from London to 
Castleton, near Cardiff’, and pictures were 
successfully transmitted over it in March. 
1949. This experimental link was one of 
the first to use frequency modulation for 
the transmission of television signals and 
it provided much valuable information on 
the problems involved in the use of this 
form of modulation. Subsequently three 
hops of this link were converted to 
4000Mc/s operation and in 1952 the com- 
posite link shown in Fig. 1 was used to 
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provide a temporary service to the BBC 
Wenvoe transmitter pending completion of 
the permanent coaxial cable link from 
London. 


THE EtGin-Wick MULTI-CHANNEL 

TELEPHONY SYSTEM 

After the successful demonstration of 
broad-band transmission over the London- 
Castleton radio link, the development of a 
single-hop frequency-modulation telephony 
system on a 55-mile long oversea path 
across the Moray Firth was undertaken®”. 
This link was required to carry 240 channels 


* and, so far as it was possible on such a long 


hop, had to meet C.C.I. standards. 

The likelihood of multi-path propagation 
and fading, made space diversity reception 
essential. Preliminary propagation tests 
also showed that frequency selective fading 
was to be expected, and this led to the pro- 
vision of frequency diversity in addition to 
space diversity. The use of frequency 
diversity was acceptable in view of the 
isolated location of the link. However, in 
locations where pressure on available fre- 
quency space is acute, the use of frequency 
diversity may not be acceptable. The 
Elgin-Wick link is, in effect, a quadruple 
diversity system, with the general arrange- 
ment shown in Fig. 2. As complete trans- 
mitters and receivers are provided for each 
frequency, there is no need for standby 
equipment 

Of the three methods of diversity switch- 
ing: 

(a) At microwave frequency at the 

receiver input. 
(b) At intermediate frequency, 60Mc/s 


(c) At base-band. 
intermediate frequency switching (b) was 
the most attractive at that time. 
It was chosen for the spaced aerial diversity, 
the aerial giving the higher output being 


The photograph shows the buildings and 
aerials at the southern terminal of the Elgin- 


Wick link 
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selected by the diversity 
switch. The changeover time 
of this switch is less than 
0-3usec and the time required 
for the selecting circuit to 
decide that a changeover is 
needed is about 3msec. The 
switch is required to be most 
sensitive under deep fade con- 
ditions, i.e. when diversity 
improvement is most needed, 
and the equipment is adjusted 
so that a 2dB level difference 
causes changeover from one 
aerial circuit to the other. For 
normal reception levels, i.e. 
in the absence of deep fading, 
the margin becomes 5dB. 

The two broad-band chan- 
nels providing frequency 
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Fig. 2. Simplified block schematic of radio equipment 


Fig. 3. Block schematic diagram of transmitter 
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diversity are independent as 
far as the final demodulator 
output (i.e. to base-band) and 
at this point, a fast-operating 
relay selects the output with the lower basic noise. The 
noise is continuously monitored in a narrow pilot channel 
selected near the top of the base-band; the diversity switch 
selects the radio channel with the better signal-to-noise 
ratio. The circuit interruption arising from a changeover 
is less than Smsec, which is short enough to prevent appre- 
ciable interference to traffic. 

The optimum heights for the four dish aerials—two 
transmitting and two receiving at each end of the link—were 
determined by experiment. The mast at the southern 
terminal is shown on page 253; the two transmitting dishes 
are mounted low down and the space diversity. receiving 
aerials are at widely different heights higher up the mast. 
It was found desirable to restrict the heights of the dishes 
to minimise the effects of reflected rays, so as to give the 
optimum space diversity action. 

The transmitter, Fig. 3, gives an output power of |W into 
the waveguide feeder. The base-band signals, comprising 
240 telephone channels in the range of 60 to 1 052kc/s plus 
a sub-carrier band for the supervisory and speaker circuits, 
frequency modulate a 60Mc/s if. carrier: the resulting 
signal in the range 55 to 65Mc/s, phase modulates the 
4000Mc/s carrier in a travelling-wave amplifier’. One 
sideband is selected by a waveguide filter and amplified to 
1W by a second travelling-wave amplifier before transmis- 
sion to the aerial. The intermediate frequency of 60Mc/s 
was in use here before the 
C.C.LR. had adopted the 
value of 7OMc/s as a 
standard. 

The microwave receiver, 
Fig. 4, is a superhetero- 
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in a_ crystal frequency 
changer with a local oscil- 
lator output to give 
a difference frequency 
centred on 60Mc/s; this is 
amplified, automatic gain 
control keeps the level 
constant, and, after the if. 
diversity switch, a_ de- 
modulator extracts the 
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Fig. 4. Block schematic diagram of receiver 


base-band signal. The sub-base-band, with supervisory 
channels and speaker circuits, is separated by filters, leaving 
the 240 channel band, 60 to 1 052kc/s. 

However good the transmission characteristics of a radio 
link may be, its performance is assessed by reliability and 
ease of maintenance; the supervisory system is therefore of 
great importance. The supervisory system’ uses where 
possible standard types of equipment as employed on co- 
axial cable systems. Separate audio frequency tones, 
drawn from the v.f. telegraph series with 120c/s separation, 
carry each of the various supervisory. indications required. 
Two speaker circuits are also included. All these audio 
channels are combined and translated into the band 32 to 
48kc/s which is then added as a sub-base-band to the 240- 
channel base-band, 60 to 1 052kc/s, making a total band 
of 32 to 1 052kc/s. 

The link was opened to traffic in September, 1957. 
Typical average performance figures under non-fading 
conditions measured with the white-noise intermodulation 
test equipment, which will be described later in this article, 
are given in Table 1. These values are, of course, mea- 
sured in this type of test as noise power ratios, but they 
have been converted in Table 1 to signal-to-noise ratios 
by adding the conversion factor, 18-7dB. 

As an indication of the fading experienced on this Elgin- 
Wick path, fades exceeding 20dB below the steady propaga- 
tion condition existed for 0-3 per cent of the total time when 

TABLE 1 
Signal-to-noise ratios on the Elgin-Wick radio link 





| Basic 
Signal/Noise Ratio with Signal 
240 Channel Loading Noise 
Ratio at 
1 002kc/s 


“Frequency .. | 70kc/s | 534kc/s | 1002kc/s 


“Elginto Wick | 78dB 69dB 68dB 72dB 





Wick to Elgin | 78dB 74dB 69dB 72dB 
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measured on one aerial. Using two aerials in switched 
space diversity, no fades exceeding 13dB were recorded, 
and 10dB fades lasted only 0-05 per cent of the total time 
These values are representative of mid-winter conditions. 


THE LONDON-ISLE OF WIGHT TELEVISION TRANSMISSION 
SYSTEM 

The London-Isle of Wight system is a two-hop link 
designed by the Laboratories for the transmission of tele- 
vision signals; it was opened for service in October 1954. 
Initially, it used a direct pick-up receiver at Alton and a 
single-hop, 40 mile, 4000Mc/s link from Alton to Row- 
ridge on the Isle of Wight", but later the direct pick-up 
receiver at Alton was replaced by a 4000Mc/s hop from 
a transmitter on the roof of Museum Telephone Exchange 
Diversity working is not used, but a standby channel is 
provided. 

The video signal at the Museum terminal frequency- 
modulates a 60Mc/s iff. carrier; the broad-band signal 
from the i.f. amplifier is then translated to the 4000Mc/s 
band and this signal is radiated from a 10ft diameter 
paraboloid dish. A two-way branching filter is needed 
to couple the two transmitters that provide the alternative 
channels to the transmitting feeder and aerial. The sub- 
sequent installation of a third *‘ go” channel has entailed 
the use of an additional branching filter. A ‘return’ 
channel, which is also now operating, uses separate dish 
aerials. Under normal conditions the basic signal-to 
noise ratio on the link is about SOdB which gives a useful, 
though not excessive, margin against fading. The signal 
to-noise ratio is here defined as the ratio of the peak-to- 
peak picture signal (excluding synchronizing signals) to 
the r.m.s. noise 


RECENT DEVELOPMENT WorRK ON MICROWAVE SYSTEMS 


Progress in the design of microwave systems continues; 
for example, travelling-wave tubes have improved since 
the completion of the Elgin-Wick system and low-noise 
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and high-power (10W) output travelling-wave tubes are 
now available. Similarly, i.f. modulators, filters and 
equalizers for these wideband systems have improved. 
Such diverse items of new equipment must be tested in 
the field and as a system; a laboratory test cannot meet 
all these needs. An experimental 4000Mc/s installation 
has been set up over a 33-mile path for the field trial of 
improved components and for the investigation of systems 
of greater capacity than 600 telephone channels. 


Broadband Intermediate Frequency Equipment 
AMPLIFIERS 

During 1950-1 three types of 60Mc/s amplifier were 
developed. One of their notable features was the exten- 
sive use of single-tuned circuits as interstage coupling 
networks, with negative feedback applied across alter- 
nate valves to provide a band-pass characteristic substan- 
tially flat from 55 to 65Mc/s. The three designs were, 
respectively, a low-noise pre-amplifier for direct associa- 
tion with the mixer unit of a receiver, a main amplifier 
providing the bulk of the gain and a high level amplifier 
used to feed a travelling wave tube operating as a con- 
vertor from if. to microwave fre- 
quency”. They were used in the 
London-Castleton experiments and 
in the London-Isle of Wight link. 

The i.f. amplifiers for the Elgin- 
Wick link*®, developed during 1953-4, 
resembled the earlier units by being 
centred on 60Mc/s and by making 
considerable use of single-tuned cir- 
cuits plus negative feedback; but 
they were of different mechanical 
design, used wired-in valves of the 
flying lead type and had a much 
improved electrical performance— 
particularly in group delay charac- 
teristic. They were designed to meet 
C.C.1.R. overall transmission § stan- 
dards for either 240-channel telephony 
or 405-line monochrome television. 

All the 60Mc/s units were de- 
signed before C.C.I.R. agreement 
had been reached on the choice of 
i.f., but more recent designs of if. amplifier have been 
centred on 70Mc/s—the current C.C.I.R. standard. A typical 
five-stage amplifier recently described by Hamer and Gibbs” 
provides 50dB gain over an almost flat pass-band of 
approximately 50 to 90Mc/s, and over the central 12Mc/s 
(i.e. 70+6Mc/s) the group delay is constant to within 
Imysec., 


testing. 


FREQUENCY MODULATORS 

In early v.h.f. work, several forms of reactor-valve fre- 
quency-modulated oscillator were used; but the maximum 
deviation available with adequate linearity, and without 
excessive amplitude modulation, was restricted to one or 
two per cent of the oscillator mean frequency. 

Klystrons can be used as sources of microwave fre- 
quency modulated signals, but there are operational advan- 
tages in having a modulator unit whose output is at 
intermediate frequency rather than at the microwave 
carrier frequency. A method commonly used in U.S.A. 
is to beat together two klystrons with frequencies separa- 
ted by the i.f., and to apply the modulating signal to one 
of the klystrons. This arrangement has also been used by 
the Post Office Laboratories for test equipment. 

During 1950-1 a simple and convenient form of if. 
modulator was developed from the well-known ladder 
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network type of _ resistance-capacitance phase-shift 
oscillator by using earthed-grid triode valves as the variable 
impedance elements®*. This type of frequency modula- 
tor has proved suitable for 405 line monochrome television 
or for 240 telephone channels; but it is not good enough 
for 600 channel operation. During 1955 two important 
improvements were made"; and the frequency modulator 
which is shown mounted in a laboratory testing cradle in 
Fig. 5 has a performance adequate to meet C.C.I. trans- 
mission standards when carrying either 625 line television 
or considerably more than 600 telephone channels, The 


circuit diagram of the frequency-modulated oscillator sec- 
tion of this unit is shown in Fig. 6. The mean frequency 
of the oscillator is 35Mc/s and it is frequency doubled to 
provide the required 70Mc/s output signal. 


DEMODULATORS 

The demodulators used in broad-band systems have to 
handle high base-band frequencies and relatively high 
deviations, and at the same time non-linear distortion must 
be kept low. Discriminators of the Foster-Seeley or of 
the two-tuned-circuit type can be operated satisfactorily 


Fig. 5. A Post Office Modulator No. 9A, with front cover removed, shown 
in a bench mounting cradle of the type used during wiring and laboratory 
This mvdu.ator accepts either tevevision (up to 625 lines) or muiti- 
channel telephony (up to 960 channels) and provides a frequency modu- 


lated carrier centred on 70Mc/s 


in systems carrying television or small numbers of tele- 
phony channels; but, when higher standards of perform- 
ance are required, more complex networks have to be 
used in the discriminator, and attention has to be paid 
not only to the linearity of the frequency/voltage charac- 
teristic but also to the phase or group-delay characteris- 
tic. Some recent 70Mc/s demodulators have used an 
asymmetrical or unbalanced form of discriminator of high 
linearity; this has the advantage of simplicity relative to 
balanced designs of comparable linearity and _ stability, 
but the preceding limiter must be somewhat better. 

The performance of a limiter should be assessed in 
terms of the efficiency with which it suppresses amplitude 
modulation up to at least twice the highest base-band fre- 
quency with which it is to be used, and its freedom from 
conversion of amplitude modulation into phase modula- 
tion. Many designs of limiter have been tried out and 
there has been useful progress during recent years, but 
much remains to be done in this field. Current designs 
of demodulator have limiter stages giving well over 40dB 
suppression of 10 per cent amplitude modulation at any 
frequency up to 8Mc/s. 

The base-band amplifier which follows the discriminator 
should have the frequency response required by television 
considerations, yet must have low enough non-linear dis- 
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tortion for multi-chanel telephony, if either type of traffic 
is to be handled. A video amplifier with a considerable 
amount of negative feedback is therefore ecessary. 


GrouP-DELAY EQUALIZERS 

A typical if. amplifier or microwave filter, which has 
been aligned for a transitionally flat amplitude/frequency 
characteristic, has a group-delay/frequency characteristic 
which is approximately quadratic in shape; i.e. it may be 
represented by a linear plus a square-law component, with 
the latter (parabolic curvature) generally predominant. The 
group-delay at the apex is normally a minimum. In 
modern systems fixed equalizers, generally of the all-pass 
bridged-T type, are used extensively to counteract group- 
delay distortion: they may be built into i.f. units or inserted 
as required in the interconnecting cables between units. 

Even with the best available techniques, the cumulative 
delay distortion in a complete system may be larger than 
is permissible and may. be subject to small variations with 
ageing of equipment or environmental changes. It is 
desirable, therefore, to have the facility for inserting a 
‘mopping-up’ equalizer prior to the terminal demodula- 


centrated on the development of the associated waveguide 
feeders and launching units. Particular care must be 
taken with accuracy of impedance matching at joints, as a 
poorly constructed joint in a long waveguide feeder can 
cause enougn reflection of energy to give a perceptible 
return wave. If this suffers a reflexion at a second mis- 
match the forward-travelling echo, which has been delayed 
relative to the main signal, will create intermodulation noise 
on the telephony channels or an echo on a television screen. 
For example, a voltage-standing-wave-ratio of 0-93 (i.e 
reflection coefficient of 3-5 per cent) at each end of a 125ft 
length of copper waveguide feeder can give rise to inter- 
modulation noise of —75dB in the uppermost channels 
of a 600 channel telephony link and there may be many 
such points in a system. Brass flanges jin thick with 
accurately ground faces, dowelled together at joints, are 
used to connect lengths of waveguide to build up long runs. 
Corrosion inside the waveguide is prevented by pressuriz- 
ing” with a dry gas. 

The performance of a dish aerial depends among other 
things on the design of its launching unit, that is, the device 
that radiates the energy carried by the feeder so as to illum- 
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Fig. 6. Typical circuit of frequency modulated oscillator 


tor of a system. A Suitable variable group-delay equalizer 
has been developed": to provide independent and con- 
tinuously variable controls for slope and parabolic curva- 
ture Over a nominal bandwidth of + 6Mc/s centred on 
70Mc/s. The range of slope adjustment is from — 1 
to + Imusec/Mc/s, while the parabolic control has a range 
of 0 to +10musec delay at midband relative to that at 
+ 6Mc/s. The principles involved are applicable to other 
bandwidths, and can perhaps be extended to provide varia- 
ble correction for curvature corresponding to higher order 
terms of a power series, thus allowing more accurate 
equalization of the edges of the band in a long system. 


Aerials and Feeders 

One of the remarkable features of line-of-sight micro- 
wave point-to-point radio circuits is that a very low trans- 
mitter power gives an adequate performance; for example 
an output of less than 10W is normally satisfactory. One 
reason for this is the fact that almost all the radiated 
energy is concentrated in a narrow beam accurately steered 
towards the receiving station by a highly directive aerial. 
The principles of operation of paraboloid dish reflectors 
are now well documented”, and the Laboratories have con- 
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inate the whole area of the paraboloid. The prevention 
of spill-over at the edges of the dish is important in reducing 
radiation in unwanted directions. For this, and other, 
reasons a 90° type of paraboloid (i.e. one which has its 
focus in the plane of the rim of the dish) is preferred by 
the Laboratories. 


Waveguide Filters 


Filter technique for microwave frequencies has grown in 
step with the requirements of broad-band systems, and 
filters can now be designed in waveguide” with complete 
confidence. The design data for post-type waveguide filters 
has been reduced to nomogram and chart form. 

The group delay characteristic in the pass-band is that 
property of a band-pass filter which is most critical in a 
broad-band f.m. system, as non-uniformity of this delay 
leads to intermodulation noise in telephone channels. 
Much of the development effort in waveguide filters has 
therefore been concentrated on this aspect of design tech- 
nique. One of the shortages in test equipment that has not 
yet been satisfactorily overcome is means for measuring 
this group delay at 4000Mc/s to the accuracy of 0-Imyusec 
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required for design work. Accurate group-delay measure- 
ments at 4000Mc/s are among the most diticult of all 
tests to carry out. Voltage standing-wave ratio measure- 
ments, by. which waveguide filters are ‘aligned’, are easy 
by comparison. 

There is still much interesting work for the filter designer 
in the microwave system field, for example, in connexion 
with the development of branching filters, used to combine 
on to one aerial feeder a number of r.f. channels derived 
from separate transmitters working on different carrier fre- 
quencies. As many as six such r.f. channels may eventually 
have to be combined in the 4 000Mc/s band, but the highest 
number yet in actual service using branching filters 
developed in the Laboratories is four, on the television 
circuit from London to the Isle of Wight. 


Carrier Generation 

It will have been seen earlier that an automatic frequency 
control unit forms part of each microwave transmitter and 
receiver on the Elgin-Wick link*®. This electromechanical 
device adjusts the frequency of a klystron oscillator to 
within + 100kc/s of that of a high stability cavity resonator. 
The frequencies of the two ends of the link are independent; 
each has its own reference cavity with an associated a.f.c. 
unit so that the cumulative error in the receiver i.f. should 
be less than 200kc/s. Automatic frequency control units 
are, however, complicated devices and the generation of 
microwave carriers from highly stable quartz crystal oscil- 
lators” is now considered better technique. 

The enormous increase in frequency from a few mega- 
cycles per second, at which quartz techniques are excellent, 
to 4000Mc/s cannot be met directly by quartz crystals 
oscillating in a fundamental or overtone mode. Before 
microwave carriers could be controlled by quartz crystals 
it was necessary to await the arrival of valves suitable for 


frequency multiplication stages working from tens of mega- 


cycles to 4000Mc/s. Only recently have such valves 
become available in reliable form. As a result, a long-term 
carrier stability with 1 part in 10° can now be achieved 
at 4000Mc/s, although this high degree of performance 
may. be unnecessary with present systems using frequency 
modulation techniques. 

The measurement of frequency at microwaves has so far 
been done by means of precision cavity wavemeters. A 
cavity with calibrated screw adjustment for frequency 
determination at 4000Mc/s has to be a most carefully 
constructed instrument using the most advanced mechani- 
cal techniques; the laboratory’s frequency measuring group 
has recently completed a development project on such a 
wavemeter™, suitable for adjusting microwave carrier fre- 
quencies to within one part in 10°. 


Microwave Components 

The most generally useful size of guide for 4000Mc/s is 
the waveguide No. 11 (2:372in x 1-122in inside dimensions) 
and this has, with few exceptions, been accepted by design- 
ers as the standard for the 4000Mc/s band. Since no 
components for No. 11 waveguide were available commer- 
cially when 4000Mc/s system development started, the 
Laboratories were forced to develop most of their own 
microwave components. For example, development work 
has been done on the design of bends and twists, on 
impedance transforming sections and new designs of 
directional couplers. A good deal of effort has been 
devoted to the development of frequency-changing devices, 
both travelling-wave tubes and crystal mixers”, for use in 
microwave systems. There is as yet no completely satis- 
factory engineering solution, but recent development in 
America on junction diode convertors may lead to the 
eventual answer. 
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In the early 1950s there was much rivalry between the 
development of systems using microwave triodes and those 
using travelling-wave valves. The Laboratories decided to 
use the latter for work on 4000Mc/s_ broad-band 
amplifiers, on the grounds that travelling-wave tubes are 
capable of development to wider bands and higher frequen- 
cies, whereas triodes are essentially narrow-band devices 
that require extremes of manufacturing technique to make 
them operate in the microwave region. Subsequent events 
have justified this decision, and on future systems develop- 
ment will be concentrated, as hitherto, around travelling- 
wave tube amplifiers. 


Measuring Equipment and Techniques 

In many fields of applied science the rate of progress 
and the standard of performance which can be achieved 
are directly dependent on the development and refinement 
of associated measuring techniques. The development of 
broad-band radio relay systems is no exception, and over 
the last ten years almost half of the experimental and 
development effort available in the Laboratories for work 
on broad-band radio systems has been devoted to the 
exploration and improvement of measuring instruments 
and techniques. 

Since system performance tolerances are very stringent, 
the discrimination required in measurements is of a high 
order and, in general, is not easy to achieve. Wide frequency 
bands are normally involved, and the effects, over the 
whole band, of circuit changes or adjustments in equipment 
under test must be immediately observable. Scanning 
methods are always quicker and generally far more satis- 
factory in this field than point-by-point methods. Measuring 
instruments using oscilloscopes can be made not only to 
display very small quantities, but also to permit their 
measurement just as accurately as laborious point-by-point 
methods, and scanning methods have been found to be of 
great value in the improvement of broad-band radio equip- 
ment. On the other hand these precision measuring instru- 
ments are both complex and expensive to develop and 
build. 


SCANNING OSCILLATORS 

In any scanning or sweeping oscillator for use in broad- 
band system measurements, a large and continuously vari- 
able width of scan, easy adjustment of centre frequency, 
an accurate frequency calibration arrangement, low har- 
monic content and a high degree of uniformity of ampli- 
tude over the scanning range may be regarded as essential 
requirements. 

The simplest form of microwave scanning oscillator is 
probably a reflex klystron with a suitable waveform applied 
to its reflector electrode; at 4000Mc/s a scan of 30Mc/s 
is typical. When larger frequency scans are required (e.g. 
50 to 100Mc/s), electromechanical arrangements such as 
motor-driven rotating paddles“ or vibrating diaphragms 
have been used fairly extensively. During the last few 
years, however, not only carcinotrons but also normal 
travelling-wave tubes with external feedback have found 
applications as convenient electronically-controlled scan- 
ners for very wide bandwidths. 

For i.f. use, many forms of scanner have been tested, and 
three types have been found particularly suitable for incor- 
poration in broad-band precision test equipment. The 
first of these if. scanners uses a small ferrite core in the 
inductor of a v.h.f. oscillator and the frequency sweep 
is obtained by applying an external magnetic field. This 
arrangement was combined with suitable oscilloscope dis- 
play facilities in a compact and transportable instrument 
develoved during 1953-4 for accurate measurement of (a) 
gain/ frequency characteristics and (b) reflection coefficients. 
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The output from this instrument is flat to within +0-1dB 
from 45 to 85Mc/s. 

A second type of i.f. scanner is based on the phase-shift 
oscillator principle, using cathode-follower or earthed-grid 
valves as the variable resistance elements”. Variants of 
this type of scanning oscillator have been embodied in 
several measuring instruments and they. possess the merits 
not only of high linearity but also of being usable with 
very high scanning frequencies or complex scanning wave- 
forms. It is of interest to record that the Post Office type 
of i.f. modulator already discussed started as a by-product 
of early work on these scanners. 

In the third type of if. scanner the output signal is the 
difference frequency of two reflex klystrons, one or both 
of the klystrons being modulated by electronic, or occa- 
sionally mechanical, means. A scanner of this type offers 
great flexibility of output frequency and has advantages 
in measuring equipment which may at some time have to 
operate on a frequency band other than that for which it 
was originally intended. 


Group-DELAY MEASUREMENT 

In measuring group-delay distortion, whether of a simple 
network or a complete system, it is necessary to determine 
the departure from uniformity of the slope of its phase/ 
frequency characteristic; i.e. to determine either (a) the 
variations in the increments of insertion phase shift corre- 
sponding to equal intervals of frequency, or (b) the intervals 
of frequency corresponding to equal increments of phase 
(e.g. 180° or 360°). The former method has been more 
widely used in scanning equipment, since the frequency 
interval can readily be fixed by using a modulated test 
signal and the problem is then reduced to the measure- 
ment of small changes in the phase difference between 
the original modulation and that extracted from the test 
signal after it has passed through the network under test; 
but for the order of delay distortion which is of interest 
these differential phase changes are very small, and can 
readily be masked by spurious phase fluctuations. For 
example, even when the measuring interval is as large as 
1Mc/s, a change of Imysec in group-delay corresponds to 
approximately 0-36° change of phase increment. 

Early group-delay measurements had to be made by 
laborious methods, but during the early 1950s a versatile 
instrument was developed for the display and measurement 
of the gain/frequency. and group-delay/frequency charac- 
teristics of networks”. This instrument covered a band of 
approximately 20Mc/s, centred on 60Mc/s, and the dis- 
crimination for delay distortion measurements was about 
10-*sec, i.e. Imusec. A number of instruments of this 
design, centred on 60Mc/s, were built; but with C.C.LR. 
standardization of 70Mc/s as the centre frequency for 
broad-band i.f. equipment, the original instrument had 
to be modified for operation over the band 60 to 80Mc/s. 


By the addition of a pair of frequency convertors, if. 
group-delay measuring equipment of this type has been 
extended to be usable for measurements in the 4 000Mc/s 
band, and useful information has been obtained on the 
characteristics of microwave filters and amplifiers. 


Amplitude modulation methods of group-delay measure- 
ment have also been explored and, in work on 70Mc/s a.m. 
equipment, a discrimination of about 0-Imyusec has been 
reached. Group-delay measuring equipment using ampli- 
tude modulation must, of course, be restricted in applica- 
tion to passive networks or those including only linear 
amplifiers, and it is not suitable for use with limiting ampli- 
fiers. Further work is still in progress on the development 
of f.m. group-delay measuring sets for both microwave 
and intermediate frequencies. 
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For overall testing of systems, the group-delay measuring 
equipment may have to be split into two parts and the 
frequency increment is usually reduced to 100 or 200kc/s. 
Where looping of the system under test is impracticable 
and no parallel system is available, the reference frequency 
required at the receiving end has to be provided by such 
methods as (a) using a separate crystal controlled oscillator, 
or (b) extracting it from the system under test via an 
extremely narrow band filter capable of eliminating the 
sidebands it has acquired. 


MEASUREMENT OF NON-LINEAR DISTORTION 

A frequency-division multiplex telephony signal having 
a large enough number of channels can be simulated with 
reasonable accuracy by using a band of uniform random 
noise having the same upper and lower frequency limits. 
The insertion of a narrow band-stop filter can then provide 
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Fig. 7. Noise intermodulation traffic levels and conversion factors. 
(C.C.1.R. Warsaw 1956) 


Conversion factors 4kc/s flat 15:1dB; 3-\kc/s flat 16.2dB; Psophometric 
18:7dB 


Conversion factor is added to the measured noise-power ratio 
signal-to-noise ratio Busy hour mean traffic level 
(-15 1Ologn)\dBm, for N > 240 


Notes:- 
(n.p.r.) to give 


the equivalent of an unloaded or quiet channel in an other- 
wise fully loaded base-band, and at the far end of the 
system under test a measurement can be made of the total 
noise and crosstalk appearing in this stop-band™®. This 
technique has now been in regular use for several years 
and has proved to be a most satisfactory and expeditious 
way of assessing telephony performance of radio or cable 
systems. The method was accepted in principle by the 
C.C.LR. at their 1956 meeting in Warsaw, and for systems 
of 240 or more channels the level of the test signal to be 
used was agreed upon. This is shown in Fig. 7. 

The generator or sending end of the standard Post Office 
intermodulation measuring equipment provides bands of 
noise simulating 120, 240, 600 or 960 channels and incor- 
porates narrow band-stop filters centred on 70, 534, 1 002, 
2438 and 3 886kc/s. The receiver for use at the output 
of the system under test is crystal controlled and can be 
switched to any one of these five frequencies: it operates 
at fixed gain and is preceded by an input attenuator. 

The method of making a measurement is simple. The 
generator is set to the desired number of channels and a 
flat band of noise is applied at appropriate level to the 
system under test. The receiver is set to the selected stop- 
band frequency and its input attenuator adjusted for an 
arbitrary output level indication. The appropriate band- 
stop filter is then switched into circuit at the sending end 
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and the receiver input attenuator readjusted for the same 
indicated level as before. The difference between the two 
attenuator settings is termed the ‘ noise-power ratio’ (n.p.r.) 
for that particular loading and that stop-band frequency, 
and is now widely accepted as an accurate and convenient 
index of performance. It is important to stress that noise- 
power ratio should be regarded as a more fundamental and 
more useful figure than signal-to-noise ratio for assessment 
or specification of system performance. 

Signal-to-noise ratio can be derived from noise-power 
ratio by adding the appropriate conversion factor under 
Fig. 7. This conversion factor may be regarded as an 
allowance for the difference between channel test-tone 
level and the proportion of the total noise-power loading 
which is effectively applied to any one channel. For 
example, to obtain mean busy hour performance data on 
a 600 channel system, noise loading would be applied at 
a level of +12-8dB relative to the test-tone level; but 
when making the upper measurement of a _ pair 
for noise-power ratio (band-stop filter out), this noise 
power is spread evenly from 60kc/s to 2540kc/s, 
a total of 2 480kc/s. The noise power in 3-lkc/s is 
3-1/2 480 of the total power (i.e. —29dB relative to the 
total power) and so is + 12-°8—29 = — 16-2dB relative to the 
test-tone level. A conversion factor of 16-2dB must therefore 
be added to the n.p.r. to get the unweighted signal-to-noise 
ratio in a 3-lkc/s bandwidth. Psophometric weighting of 
uniform noise in the standard 300 to 3 400c/s band intro- 
duces a further factor of approximately 2-5dB, and the 
conversion factor which must be added to the n.p.r. to get 
the weighted signal-to-noise ratio is therefore 16-2 + 2°5 
= 18-7dB. 

SPECTRUM ANALYSER 

It is often useful to examine the frequency spectrum of 
a radio signal and it is desirable that the method adopted 
should be both accurate and rapid. In 1948 a panoramic 
receiver was developed which used electro-mechanical 
scanning to display and to measure signals in the frequency 
band 55 to 65Mc/s, and which could be extended to other 
bands with the aid of frequency convertor units. 

More recently an improved spectrum analyser has been 
developed for the display and measurement of signals 
occupying a larger bandwidth. In this instrument the 
frequency sweep is produced by varying the field applied 
to a ferrite core in the inductor of a Colpitt’s oscillator. 
The mean frequency is adjustable in one range from 25 to 
140Mc/s and the sweep width is continuously variable 
from about 1Mc/s up to about 50 per cent of the mean 
frequency. Alternative 3dB bandwidths of 7kc/s and 
35kc/s, a choice of a linear or logarithmic amplitude dis- 
play and the provision of accurate frequency markers at 
10Mc/s or 2Mc/s intervals are other useful features of this 
compact transportable instrument. 

LINEARITY TEST SET FOR MODULATORS AND DEMODULATORS 

Another type of instrument which is essential to progress 
in the field of broad-band radio-relay systems is one which 
will check the linearity. of a freauency modulator or 
demodulator. Such instruments are genefally arranged to 
display the derivative of the frequency/voltage or the 
voltage/frequency characteristic and they are required to 
be able to measure variations in slope of well under one 
per cent. Since the dynamic linearity of some frequency 
modulators and most demodulators varies with base-band 
frequency, it is important to make this measurement at 
more than one modulating frequency. Derivative test sets 
with a fixed test frequency have been in use for many years; 
these are not really adequate for work on broad-band 
systems, and more recent Post Office linearity test sets have 
universally embodied a range of test frequencies. Two- 
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tone testing techniques have also been tried out in instru- 
ments which display the change in level of a second or 
third order intermodulation product as a carrier with two- 
tone modulation is swept across the frequency band; but 
it is doubtful whether the additional complications involved 
are really justified. 
LOCATION OF REFLECTIONS IN WAVEGUIDE FEEDERS 

The location of mismatches in long waveguide feeders 
can become a major problem, especially as most radio 
aerials are erected in exposed sites where high winds and 
low temperatures make careful mechanical work difficult. 
An interesting piece of test equipment that will locate mis- 
matches of the order of half per cent in a waveguide feeder 
has been developed”. The principle is akin to that of 
fm. radar. A carcinotron oscillator working in the 
4000Mc/s frequency band is regularly swept over a 
range of up to 300Mc/s to generate a sawtooth of fre- 
quency, with a periodicity of 50c/s. The oscillator output 
is connected to the waveguide through a double-probe 
detector section, where the beat frequency between the 
forward wave and any returning reflected wave is detected. 
The beat frequency is proportional to the distance between 
the detector and mismatch. 


INSERTION LOSS MEASUREMENT 

Mention has already been made of the difficulties experi- 
enced in measuring the performance of microwave filters 
with sufficient accuracy. Insertion loss measuring equip- 
ment has been developed especially for this purpose. A 
simple set”. in which the microwave testing frequency is 
pulsed at Ikc/s, and using waveguide attentuators, has 
been in use for many years. A more recently developed 
set using frequency changers and a piston attenuator at an 
intermediate frequency is now in use and this is proving 
a Satisfactory precision instrument. 


Trends of Development 

Performance, reliability and cost per channel are the 
primary criteria by which a radio relay system must be 
judged. If the system is to form part of the trunk tele- 
phone network, then C.C.I.R. standards of performance 
are virtually mandatory and reliability and cost per chan- 
nel remain as the yardsticks of progress. The importance 
of reliability in large-capacity traffic arteries cannot be 
stressed too much and its improvement must ever remain 
a major objective of the designer. Since the cost per channel 
can be reduced either by lowering the total cost or by 
increasing the traffic capacity of a system ver carrier fre- 
quency, two general lines of development become apparent, 
leading respectively to (a) simpler systems and (b) systems 
of much higher traffic capacity. 


Simplicity is always desirable since it offers not only 
increased reliability but also lower capital and mainten- 


ance costs. If simplicity can be combined with reduced 
size, and especially. with much lower power consumption, 
building costs and the cost of standby power supplies can 
be greatly reduced. An h.t. supply of 150 to 180V is 
adequate for modern if. units, and recent developments 
in power transistors and silicon junction rectifiers offer the 
possibility of deriving the high voltage required for a 
permanent-magnet-focused travelling wave valve from this 
150 to 180V supply in a simple and efficient manner. The 
supply voltage and power consumption can be further 
reduced when transistors suitable. for use in 70Mc/s i.f. 
units are readily available. 


As the reliability of the radio equipment is improved, 
it will be necessary further to improve the reliability of 
the power supplies, since in many systems the latter is 
already a limiting factor on the overall reliability. 
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Travelling-wave valve amplifiers with permanent magnet 
fields will simplify equipment and save the power required 
to energize the solenoid. Improved mixers are needed to 
work with these travelling wave amplifiers. Ferrite isola- 
tors will be of great assistance to designers and maintenance 
engineers in reducing reflection problems: and enabling 
lower degrees of matching to be used in components that 
have awkward impedance characteristics. The Radio 
Laboratories are devoting much time to this problem; 
unfortunately around 4000Mc/s is one of the more diffi- 
cult frequency bands for the production of stable ferrite 
material suitable for this work. 

Current techniques of equipment design in the Labora- 
tories provide adequate margins on the C.C.I.R. perform- 
ance requirements for systems carrying 600 or more 
telephone channels. With further work on various out- 
standing problems it may eventually be possible to reach 
about 1 800 channels (or television plus 600 to 900 chan- 
nels) within the framework at present agreed of 29Mc/s 
channel spacing and 70Mc/s if. 

The combining of several r.f. carriers on to one aerial 
is already. offering a satisfactory way of providing more 
telephone channels on a route; this technique uses branch- 
ing filters, by which the various transmitter outputs (each 
one an r.f. channel) can be combined. Similar branching 
filters are needed to separate the r.f. channels at the 
receiving end, or to add or extract channels as required 
From this point, which has already been reached, the 
logical step is to use very wide band aerials capable of 
dealing with more than one frequency band; for example, 
one horn aerial system can carry all the r.f. channels from 
2 000Mc/s upwards on a major route. 
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G.P.O. Orders First All-Travelling- 
Wave-Tube Radio Links 


The G.P.O. has placed an order with Marconi’s Wireless 
Telegraph Company Ltd for the supply and installation of a 
single-way u.h.f. radio link between London and a point near 
Norwich. The link provides two broadband channels pri- 
marily intended for the conveyance of television signals, but, 
if the necessary return channels were provided, they could be 
used for telephony, each being capable of providing up to 
600 high-grade telephone channels simultaneously. 

The contract is particularly interesting on three counts: Not 
only will the equipment handle black-and-white television 
signals, it has also been designed with a view to transmitting 
405- or 625-line colour television signals, should this be re- 
quired. It is the first order for all-travelling-wave-tube equip- 
ment to be placed for use in this country, and will be en- 
gineered to C.C.I.R. and C.C.LT.T. standards for the provision 
of the 600-telephone-channel facility. 

The route will run from the Museum Exchange in London, 
via repeater stations at Ongar, Sibleys and Ousden, to the 
terminal station between Norwich and Ipswich. Marconi 
HM 200 equipment will be used at the terminals, with HM 250 
repeaters at the intermediate stations. 

It is hoped to bring the link into operation in the spring of 
next year. 

The type HM 200 equipment is designed to meet the re- 
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ment avork of their colleagues in the broad-band microwave 


field. 
Their thanks are also due to the Engineer-in-Chief of 
the Post Office for permission to publish this article. 
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quirements of C.C.LR. and the British Post Master General 
for long distance international wide-band communications 
systems. Both television and multi-channel telephony circuits 
can be carried, each HM 200 radio circuit being capable of 
carrying either 600 telephone channels or one television chan- 
nel of 405, 525 or 625 line standards. 


A comprehensive supervisory system is availab!e which in- 
cludes, for the provision of urgent and non-urgent fault alarms, 
a party line speech channel between all stations, and interro- 
gation of repeaters to identify fault conditions. 


Since the HM 200 radio relay equipment is designed to be 
used in systems employing up to six parallel radio paths pro- 
viding a total capacity of 6 simultaneous television circuits 
or 3600 telephone channels, the supervisory system has been 
designed as a completely separate entity, which can be used 
over a separate bearer channel to control a multi-path radio 
relay system. The use of this facility avoids the necessit: 
for providing independent supervisory systems for each radio 
circuit. This, in turn, reduces the capital cost of the relay 
system, and avoids unnecessary duplication of equipment 
However, to provide the maximum degree of flexibility, the 
supervisory circuits can be inserted below the carrier base- 
band, on a single or twin path multi-channel radio relay 
system, thus avoiding the need for a separate bearer channel. 

A single terminal will occupy three racks of equipment, 
one for the transmitter, one for the receiver and one for the 
modulator and demodulator circuits. 
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SURVEYING 
FOR 
MICROWAVE 
RELAY 
SYSTEMS 


By L. E. Strazza*, B.Sc., Assoc.Brit.LR.E., 
and R. C. S. Joyce* 


The overall performance of well-planned microwave radio relay links can be predicted with a high 
degree of reliability; good planning also enables overall system costs to be estimated with consider- 
able accuracy. This article describes the role of surveying in planning telecommunications systems 
of this kind. Surveys in well-mapped regions may only involve site and path inspections but where 
the accuracy of path profiles plotted from maps is doubtful path tests are made. The tests may be 
of short duration if, as is usually the case, they are intended to confirm a calculated mean path 
loss and hence to confirm tower heights, aerial gains and similar system parameters. Long-term tests 


are made when the path profile is unfavourable and statistical information on fading is required. 
Typical methods of testing are described. 


HE aim in planning fixed point to point microwave 

radio links, whether for the transmission of television 
or multi-circuit telephony signals, is to make an effective 
compromise between the optimum performance and reli- 
ability that can be achieved and economy in capital outlay 
and maintenance costs. 

Since the overall performance of a line of sight micro- 
wave system is determined partly by the parameters of the 
equipment itself and partly by the manner in which the 
equipment is applied to the system, it is imperative that 
both the route and installation of the equipment be care- 
fully planned. 

It is generally known that microwave radio systems 
require a line-of-sight path between transmitting and 
receiving aerials but in practice the received signal is 
dependent on many other factors. 

These factors are as follows: 

(a) There must be adequate clearance between the line of 
sight and the intervening terrain 

Merely providing a line-of-sight path is not enough 
since a significant portion of the radiated signal energy 
does not follow a straight line between transmitting and 


receiving aerials but occupies a volume embracing several ° 


Fresnel zones. A path between two stations must therefore 
be planned to ensure that there is at least 0-6 x 1** Fresnel 
zone clearance above all obstacles in the radio path under 
adverse atmospheric conditions in order to obtain an 
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average path attenuation approximating to the free space 
loss. A table relating 1** Fresnel zone clearance and path 
length for propagation in the 2000Mc/s band is given in 
the Appendix. 

(b) Multi-path reception 


Certain types of terrain such as water or flat desert areas 
act as good reflectors of microwaves with the result that 
the receiving aerial receives the direct signal together with 
signals that have been reflected. These signals, by virtue 
of the fact that they have travelled over paths of different 
lengths, arrive in-phase or out-of-phase to partly re-inforce 
or cancel the received signal, depending on whether the 
direct path clearance over the reflection point is equal to 
an odd or even number Fresnel zone, there being a one 
half wavelength difference in the reflected signal path 


. between each successive zone. Sites and aerial heights 


should if possible be chosen so that the reflected signals 
due to 2"* or higher Fresnel zones are prevented from 
reaching the receiving aerial by some natural obstruction. 
It should be borne in mind that under varying atmospheric 
conditions which cause effective earth bulging or flattening 
the reflected signal may pass through several Fresnel zones 
which may cause the received signal level to pass through 
successive minima if the clearance between the direct path 
and reflection path is large. Multi-path signal reflections 
can be obtained from a stratum of air over the radio path 
in which the dielectric gradient abruptly changes, such as 
is caused by a temperature inversion. This effect when 
investigated, sometimes coincides with meteorological con- 
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ditions obtaining at that particular time and the cause of 
fading can be diagnosed. In a twin path scheme operating 
with different frequency allocations fading on each path 
is usually sufficiently uncorrelated to ensure adequate con- 
tinuity of service although there is a possibility of some 
echo distortion occurring during a severe fade. 


(c) Fading 


Fading. in addition to being caused by reflections giving 
rise to multi-path signals, is also due to variations in the 
earth’s atmosphere which cause refraction or scattering of 
the radio beam. Fading due to these causes is more preva- 
lent in those parts of the world where the air becomes 
quite still or very humid. Experience has shown that in 
some territories fading can be estimated with a reasonable 
degree of accuracy while in other areas prolonged propaga- 
tion testing is the only way in which accurate data can be 
obtained. 


(d) Overshoot 


Under certain atmospheric conditions signals may be 
transmitted over distances considerably in excess of the 
normal repeater section and care must be taken that signi- 
ficant signals cannot be received at stations other than the 
adjacent stations. 

This ‘ overshoot’ reception as it is called is very probable 
when the relay stations are sited more or less in a straight 
line. Therefore stations should be sited wherever possible 
to form a zig-zag route. If this is not possible then the 
transmitted frequencies must be selected so that at any 
Station the signal received from the adjacent station and 
any overshoot signal received are at different frequencies. 


Preliminary Stages of Planning—Map Study 

If large scale maps of the territory are available then 
the microwave relay system can be tentatively planned 
before a visit is made to the sites. 

Tentative sites are located on the maps so that the 
stations on a multi-hop system are of the order of 30 miles 
apart. In the case of systems with only a small number 
of hops, stations may be located at slightly wider intervals 
but in the case of long systems the cumulative effects of 
fading on several sections at the same time makes shorter 
sections desirable. 

It must be remembered however that in undeveloped 
country the addition of one or more relay stations con- 
stitutes an increased maintenance hazard besides increasing 
the capital cost of the project. 

In addition to ensuring that the stations fulfil the propa- 
gation requirements, serious consideration has also to be 
given to the necessity for siting stations so that access to 
them is as economic and practicable as possible, both 
during the initial erection of the station and during its 
operational life. Therefore a compromise has to be sought. 

Once the tentative site locations have been decided pro- 
files of each radio path are prepared on graph paper based 
on true earth radius in order to ensure that there is at 
least 0-6 x 1** Fresnel zone clearance over any obstacles 
in ithe path. Some authorities employ a scale of 4/3 x true 
earth radius for the profile, but the authors consider it is 
better to use the more conservative scale of k = 1. This will 
give some extra margin over buildings or trees in the path 
which cannot always be accounted for by map study. If a 
scale of kK = 4/3 is used path clearances should be checked 
for lower values of k. Information should also be sought 
at this stage on the heights of any buildings or trees that 
could obstruct the path. This information may be available 
to the contractor if he has already had work in the territory 
or it may be provided by the customer. If it is not known 
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then it must be eventually determined by a visit to the sites. 

The preliminary planning enables a rough assessment 
to be made of system performance and also a budgetary 
estimate of system costs to be made. 


In cases where accurately contoured maps of the territory 
do not exist or where maps are known to contain in- 
accuracies an aerial photographic survey is essential and 
there are contractors specializing in this type of work. This 
type of survey is however expensive and must be used as 
sparingly as possible. 


Visual Survey of Sites 

At this stage the sites should be visited to determine 
whether visual inspection of the sites will suffice or whether 
some or all the paths will have to be electrically tested. 

The visual survey consists of a visit to each site by a 
radio engineer and possibly a civil engineer to obtain data 
about the site itself, how the site can be reached from the 
nearest road, nature of local obstructions, possibility of 
reflections from surrounding terrain and all data necessary 
for the construction of a tower and buildings. 

If the radio system is to be located in undeveloped 
country the task of visiting prospective sites may have to 
be undertaken partly on foot and this can be both arduous 
and time consuming. In order to obtain an overall picture 
of a network as rapidly as possible the use of a helicopter 
has many advantages. From the air disused and long for- 
gotten tracks, not shown on survey maps, can be quickly 
identified and this often helps to reduce the costs of build- 
ing access roads to the site. Also if sites are visited in route 
sequence the "plane will fly along the propagation path 
between two sites and therefore a rough check may be 
made on obstructions. The photograph on page 262 was 
taken from a helicopter approaching a proposed site in 
undeveloped country and it will be noted that topographical 
features of the site are clearly discernible. 

Helicopters, however, cannot be used with safety in some 
mountainous areas since air turbulence makes them difficult 
to control. 

To summarize, the ground survey should yield answers 
to the following questions. 


(a) Distance from the site selected for the radio station 
to any existing road and an estimate for building an access 
road. 

(b) Availability of a reliable commercial power supply. 
If there is a supply near at hand the cost of extending this 
to the site should be estimated by the power utility. On the 
other hand if there is no supply or an unreliable one then 
either dual or standby diesel-electric sets respectively will 
have to be installed and this will have to be considered 
when planning the building of access roads. Whereas main- 
tenance personnel can visit the station on a steep graded 
road by means of a four-wheel drive station wagon the 
provisioning of fuel oil necessitates an easier gradient and 
this may lengthen and consequently increase the cost of 
the road. Sometimes fuel oil is piped from an easily acces- 
sible spot to the station itself or, alternatively, the generat- 
ing plant is housed where it can be reached easily and a 
high voltage line is run to the repeater station itself; both 
these schemes simplify the road construction problems but, 
of course, they have their own drawbacks, 


(c) Site conditions. An estimate of the amount of de- 
forestation and levelling that would have to be done before 
the station and tower could be erected. 

(d) Examination of the terrain in the directions of pro- 
pagation to ensure that the ‘lines-of-fire’ are free from 
obstacles which could diffract or scatter the radio signals: 
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in particular freedom from rising ground formations close 
to the site or trees which in summer are clothed in dense 
foliage and which in time could grow high enough to 
obstruct the path 


(e) The type of sub-soil in order to assess the amount of 
work and cost of preparing tower and building foundations. 


(f) Local climatic information. The prevalence of icing 
and high winds will influence the type and strength of 
tower which will be needed. 


Buildings may require heating or air conditioning depend- 
ing on the range of ambient air temperatures experienced. 
Standby diesel-electric generating plant must start up 
immediately when called upon to do so and the choice 
must be made between air-cooled and water-cooled engines. 
Air cooled are preferable at sites with no water supply 


posed for the final system. The transmitter is usually a 
low-power device (that is to say the output power is in 
the region of 0-5 to 2-0W) and the signal may be c.w., ampli- 
tude modulated or frequency modulated—each type of 
modulation has advantages as will be explained later. Fig. 
1 is the block schematic of a typical propagation test 
transmitter producing about 0-75W at 2000Mc/s and in 
which the carrier is 100 per cent amplitude modulated by 
a 1:1 square wave with a recurrence frequency of Skc/s. 
It will be noted that it consists of a microwave triode 
oscillator stage provided with an electro-mechanical a.f.c. 
system and that the h.t. supply to the unit is switched at 
5kc/s by a series modulator. The outgoing signal is moni- 
tored by a directional coupler and provision is made for 
connecting a recording milliammeter so that a permanent 
record of the output level stability may be produced. The 
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but in very cold regions the water-cooled engine has the 
advantage that the water can be warmed by means of a 
small heater immersed in the jacket to ensure easy starting. 


Propagation Testing 

Propagation testing is resorted to when confirmation is 
required that a line of sight path exists or when data is 
required on fading conditions. 

Line of sight confirmation tests need only extend over a 
period of 24 to 72 hours during which the received signal 
is measured and the path loss compared with the theoretical 
free-space loss of the path. 

When data is required on fading conditions the propaga- 
tion tests must be performed over a very much longer 
period which should include that period of the year when 
fading can be expected to be most serious. This can be 
deduced in some cases from local weather records. 

Propagation tests, whether short-term or long-term are 
usually made in the following way. Two stations are estab- 
lished, one at each of two adjacent sites along the route 
to be surveyed. One station is designated the ‘transmit 
station’ and the other is designated the ‘ receive station’. 
The sending station is equipped with a transmitter operat- 
ing on a frequency which is representative of those pro- 
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Fig. 1. Typical propagation test transmitter 
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system consisting of an 
aerial (usually identical 
with the transmitting 
aerial) a feeder and a re- 
ceiver. The receiver is 
generally a fairly conven- 
tional superheterodyne 
receiver employing a low 
intermediate frequency 
so that negative feedback 
can be introduced to 
stabilize the receiver gain. 
Fig. 2 is the block schem- 
atic of such a receiver in 
which the if. is 2Mc/s 
and the if. amplifier consists of a series of video amplify 
ing ‘feedback triples’. Delayed a.g.c. is provided so that 
a linear relation exists between the input signal level ex- 
pressed logarithmically and the d.c. output from the receiver 
which is normally connected to a recording milliammeter. 
It is usually desirable to record fades as deep as 30 to 40dB 
and the mean signal level may be abnormally low relative 
to the level required in the final system, because of the 
low transmitted power, high feeder losses and low aerial 
gains, of the survey equipment. On this account the receivers 
used have a narrow i.f. bandwidth in order to improve the 
signal-to-noise ratio and hence enable low level signals to 
be detected. 


Other types of receiver are known; for example one 
authority employs a simple crystal detector followed by a 
very high gain narrow band audio amplifier. Others, using 
f.m. transmitters, employ wideband receivers and transmit 
pulses which, when viewed on a suitable indicating unit 
can provide information concerning the amplitude and 
delay characteristics of indirect signals. 


Output to 
aerial 


Measurement of the Path Loss 


Let the level of the signal be P; dBw at the transmitter 
output and let P: dBw be the signal level at the input to 
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the receiver. Both these quantities can readily be measured: 
P; by means of a microwave power meter, usually of the 
bolometer type and P, by calibrating the receiver with a 
microwave signal generator. It is now an easy matter to 
calculate the path loss Lp (dB) as follows: 
The effective power radiated from the transmitting 
station is Py where: 
Py = P; + G: — L, dBw 
where : 
Py - 
P; < 
Gi 
Ih = 


Effective power radiated (dBw) 
Transmitter output level (dBw) 
Gain of transmitter aerial (dB) 
Loss in transmitter feeder (dB) 


weeks without needing re-calibration; this fact is of great 
practical importance when making long term tests. 

Fading analysers are useful adjuncts or even alternatives 
to chart recorders. These devices accept a signal from the 
receiver which is linearly proportional to the incoming 
signal level. By means of a series of say six to eight elec- 
tronic gates corresponding to six to eight predetermined 
signal levels (say at 5dB intervals) and of devices indicating 
elapsed time and frequency of occurrence it is possible to 
obtain directly an immediate and continuous analysis of 
the variations of the path loss so that it is easy to produce 
the familiar fading versus percentage time curves required 
for predicting system reliability. Facilities are sometimes 
provided for automatically photographing the time- 
indicating devices (clocks 
or counters) so that loss 
variations over any desired 
interval of time can be 
obtained without manning 
the station continuously. 
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Aerials and Supports 
for Surveys 

One of the greatest prob- 
lems besetting the survey 
engineer is the provision 
of suitable aerials and sup- 
porting structures for sur- 
veys. On the one hand the 
system planner may re- 
quire aerial heights of up 
to 400ft and will prefer 
that an aerial of ‘system 
size’ should be used for 


il 








Fig. 2. Typical propagation test receiver 


Similarly the effective power received is Pz where: 
Px P, — G2 L.dBw 


where: 


Px = Effective power received (dBw) 
P, = Receive power input level (dBw) 
G, = Gain of receiver aerial (dB) 
L. = Loss in receiver feeder (dB) 

The path loss Lp is defined as the attenuation between 
the two stations when isotropic aerials are used, thus: 

Ly = Pr — Pr dB 
Lp = P; — P2 + (Gi + G2) — (Li + L,) dB 

In the foregoing expression P; and P2 are measured, Gi, 
G2, L; and Ll. are known constants and hence Lp can be 
evaluated. 

If fading occurs Lp will vary and hence P, will vary; 
the variations of P: will be recorded by the recording 
milliammeter and provided its speed of response and the 
chart speed are appropriate for the type of fading to be 
investigated the depth of fading can be determined by cali- 
brating the receiving equipment. Experience shows that if 
the equipment described in the two drawings is operated 
from stable a.c. supplies it can run unattended for many 
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the tests so that the under- 

path terrain and obstacles 

are illuminated to the 
usual extent while on the other hand local conditions may 
make either or both ideals impossible to achieve on grounds 
of physical difficulty, cost, time or all three! 

It is usually considered important to make so-called 
height-gain measurements; these are in fact path loss 
measurements in which the heights of the transmitting and 
receiving aerials are varied in turn (preferably in a smooth 
and continuous fashion rather than in discrete steps so 
that heights corresponding to signal minima (arising from 
the destructive interference of direct and indirect signals) 
may be avoided by accurately known amounts. This require- 
ment is a difficult one to fulfil especially if taken in con- 
junction with the first two (i.e. of great heights and large 
aerials). The use of balloons to support the aerials is usually 
impossible owing to the great directivity of large micro- 
wave aerials and the impossibility of stabilizing a balloon 
Schemes involving servo-stabilized aerials mounted on 
helicopters have been tried. 

At the present time several authorities employ small 
paraboloids (say 5 to 6ft in diameter) mounted on trolleys 
which can be run up and down temporary stayed towers 
or masts by means of tracks and a winch; usually the bulk 
of the radio equipment is also mounted on the trolley so 
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that only power and monitoring cables are required between 
the trolley and the ground and the usually cumbersome 
long low-loss r.f. feeders can be dispensed with. 


Survey Equipment 

In addition to the basic measuring equipment which is 
the raison d'etre of the survey many other things have to 
be provided and the survey engineer’s art lies in knowing 
what to provide for each project, taking into account many 
factors such as climate, topography, transport facilities, 
availability of labour, the duration of the tests, the degree 
of development in the territory and so on. 

In certain cases it is posible to install all the measuring 
equipment in a comfortable go-anywhere vehicle in which 
may also be housed communications equipment (reliable 
interstation communication is indispensable), workshop 
facilities, meteorological instruments and crew amenities. 
Aerials and mast equipment and generating plant and camp 
equipment may be closely associated with the vehicles and 
the whole caravan is thus completely mobile and can survey 
routes at a fast rate. 

The capital cost of such a caravan is of course high and 
cannot often be justified. It is more usual to break the 
equipment down into small easily-handled units which can 
be transported by any reasonable local means: it should 
be remembered that in the undeveloped regions the ulti- 
mate means of transporting equipment to a desirable 
mountain peak may be the human being. 


Other Means of Surveying Routes 
It is sometimes possible to make visual observations 
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LOSS 
(DECIBELS) 
134-8 
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135-6 
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| 118-1 41 
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135-8 
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136-2 
136°4 
136-6 


123-4 
124-2 
124-9 
125-5 


136-7 
136-9 
137:1 
137-2 


137-4 


between stations to verify that a line of sight exists and to 
check that the clearances are adequate. Signalling lamps, 
theodolites and other devices play their part in activities 
of this kind. 


If an aircraft flies over a path at constant height above 
sea level (by means of a barometric altimeter) and if the 
aircraft to ground distance is measured by a radio altimeter 
or by a radar then an accurate path profile can be produced 
directly and automatically. This method has been tried in 
un-mapped regions but, of course, it has its difficulties— 
such as the need for ground control points, good weather 
and aircraft servicing facilities. 


Acknowledgments 
The authors wish to express their thanks to the manage- 


TABLE 2 





| ONE-EIGHTH- 

| DISTANCE 

| CLEARANCE 
(FEET) 


HALF- 
DISTANCE 
CLEARANCE 
(FEET) 


80-6 
84-5 


QUARTER- 
DISTANCE 
CLEARANCE 
(FEET) 


69-8 
73-2 
76°4 
79-6 
82-6 


DISTANCE 
TX-RX 















































ELECTRONIC ENGINEERING 


MAY 1958 





ment of the General Electric Co. Ltd, Telephone Works, 
Coventry, for permission to publish this article. 


APPENDIX | 
PROPAGATION Loss, AT 2000Mc/s BETWEEN IsoTROPIC 
RADIATORS 


The free space propagation loss is given by (4d/A)* 
where d is the path length between the transmitter and 
receiver, and A is the wavelength. d and A are expressed 
in the same units of length. 


An alternative expression is: 

Distance in miles 
Wavelength in cm 
For a frequency of 2000Mc/s this becomes: 

Propagation Loss = 102-6 + 20 log (distance in miles) dB 


Propagation Loss = (20 log + 126:1)dB 


The free space propagation loss at 2000Mc/s for different 
path lengths is shown in Table 1. 


APPENDIX 2 


FRESNEL ZONE CLEARANCES AT 2 000Mc/s 


The first Fresnel zone is an envelope bounded by points 
for which the transmission path from transmitter to receiver 
is greater by one half wavelength than the direct path. 
Experience in system planning and field tests has shown 
that approximately free space transmission is obtained with 
0-6 x 1* Fresnel zone clearance. 


The radius of the first Fresnel zone is given by 


R' = a where all quantities are in the same units. 
and d; = length of direct path from point above reflection 
point to transmitter. 
d, = length of direct path from point above reflection 
point to receiver. 
d = length of direct path between transmitter and 
receiver. 


we J AxB f 
— a t 
or H = 2280 (A + Bf ee 


where A = length of direct path from point above reflection 
point to transmitter in miles. 
B = length of direct path from point above reflection 
point to receiver in miles. 
f = frequency in Mc/s. 

Table 2 gives sufficient points to draw a 1" Fresnel 
zone envelope at 2000Mc/s, which is usually sufficiently 
accurate to cover the band | 800 to 2 200Mc/s. 

Subsequent Fresnel zone clearances are given by multi- 
plying the values by V2, V3 etc. for the second, third 
Fresnel zones and so on. 
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Microwave Radio Toll Systems 


By E. W. Anderson* 


The function of the radio link in telephone networks is outlined and some of the problems requiring 

solution in the design of a short haul or toll system carrying one supergroup are discussed. In parti- 

cular a solution to the basic defect of non-linearity, by means of overall feedback, in a frequency 
modulated system is described. This results in an overall simplification of the repeatered circuit. 


F Vamngg ste network may be divided into three cate- 
gories, the subscriber's line, the toll connexion between 
local exchanges and the main trunk system. The actual 
channel capacity and length of these interconnexions 
depends on the extent and density of the system. The trunk 
system considered as a standard by C.C.I.T.T. for the 
purpose of specifying a performance extends for 1 500 
miles, made up of nine main sections, capable of carrying 
six hundred or even eighteen hundred channels. Spur links 
to this type of trunk carrying toll traffic to outlying towns 
might be considered to have a capacity of about sixty 
channels and a range of one hundred to two hundred 
miles, and this article describes the functions and design 
problems of equipment for the latter type of system. Spurs 
of greater importance assume the character of secondary 
trunk systems for which provision is made in the general 
frequency allocations for radio networks. 

It will be apparent that the integration of line and radio 
to fulfil these two latter functions immediately places restric- 
tions on the radio equipment. The established multi-channel 
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carrier-telephone practice should be equally applicable to 
radio circuits, in fact the radio link should be indistinguish- 
able from the equivalent repeatered cable section. This 
implies comparable bandwidths, stability and freedom from 
noise. The choice of equipment, whether line or radio, 
should be made to provide the subscriber with an efficient 
service at a reasonable cost. This includes not only the 
cost of the equipment, but also that of installation, build- 
ings, roads, power lines, cable ducts, long term maintenance 
and possible expansion. The assessment of the efficiency 
and quality of service or circuit reliability is more difficult. 
This can only be evaluated by extended trials and finally 
by operation, though past experience is an invaluable guide. 
Unreliability has as its immediate result, loss of revenue, 
prestige and added cost of maintenance. 

Clearly the higher performance and reliability required 
of the trunk system together with the larger channel 
capacity means that the cost rises steeply. On the other 
hand, it is equally important to cater for an expected 
expansion without re-incurring too much of the basic cost. 
One assumes that this type of equipment will have a use- 
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ful life of twenty years, comparable with that of the asso- 
ciated channelling equipment. 

The effort required to design an equipment which is 
consistent, reliable and easy to maintain precludes the possi- 
bility of a wide variety of designs. Standardization increases 
the scale of production permitting more efficient production 
methods, lower costs and at the same time, maintenance in 
the field is simplified. The system to be described, apart 


Fig. 1. Typical s.h.f. terminal equipment 


from conforming to mechanical standards established for 
this type of equipment, has a considerable degree of 
uniformity within itself. 


Frequency Considerations 

For many years the demand for radio links has been 
fairly well satisfied by a series of v.h.f. equipments, parti- 
cularly in less developed areas. A situation has now been 
reached in many territories where difficulty is experienced 
in allocating frequencies for new systems to cope with traffic 
expansion and likewise the congestion of the v.h.f. band 
has precluded the setting up of wide band trunk systems. 
Also at some densely populated terminals the level of static 
is too high to allow the desired signal-to-noise ratio to be 
achieved. 

To make use of a wider and less exploited part of the 
spectrum a system of toll quality in the allocated band of 
3 900Mc/s to 4800Mc/s is appropriate. At these frequen- 
cies, the level of interference is very low, but visual paths 
between stations are required in view of the high attenua- 
tion which results from even small obstructions. Fading 
in this band is generally more pronounced than at v.h.f. 
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particularly over water where ducting and surface reflection 
can drastically modify the free-space conditions. At the 
same time, the Fresnel zone clearance is much smaller and 
the elevation above ground level to give free-space con- 
ditions is correspondingly reduced. 


A Typical System 

A terminal of a typical equipment fulfilling this need is 
illustrated in Fig. 1. This particular system has a capacity 
of one supergroup of sixty standard 4kc/s channels with a 
satisfactory performance over ten hops, totalling about three 
hundred miles. 


TRANSMITTER DESIGN 
Owing to the difficulty in providing amplification at these 
frequencies, a coaxial velocity-modulated valve oscillator, 


Fig. 2. Heil tube suitable for use at 4 000Mc/s 


capable of direct frequency-modulation is used, giving an 
output in excess of half a watt. This provides an adequate 
system performance when used with 4ft diameter parabolic 
aerials or their equivalent having a power gain of about 
a thousand-fold. 

The acceptance of a group, or super-group, of carrier tele- 
phone channels restricts the designer to the use of amplitude 
or frequency-modulation. The advantages of the latter are 
well known, and for 60 channels the recommended C.C.LR. 
channel deviation of 200kc/s r.m.s. is adequate. 

The transmission of multi-channel information requires an 
extremely linear modulation characteristic to avoid cross- 
talk between channels. Although the velocity-modulated 
oscillator is inherently fairly linear, an oscillator when 
coupled to a long transmission line which is not terminated 
by a purely resistive load is affected by the phase of the 
mismatch. Since it is impossible to design a feeder and 
aerial with such a characteristic over a wide frequency band 
and maintain it so under varying weather conditions, a 
directly modulated system is not satisfactory. 

A suitable valve for this application is a Heil tube, which 
consists of a short-circuited coaxial line from which the 
inner projects to form a radiator (Fig. 2). A slot is cut 
along the axis. Through both the outer and inner con- 
ductors. A cathode and grid assembly is placed at one side 
of the slot and an anode at the other, so that a flat beam 
of electrons, focused by a magnet, is passed through the 
coaxial assembly (see Fig. 3). 

The potentials are arranged so that the electrons are 
accelerated in the space between the cathode and resonator. 
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Fig. 3. Diagrammatic representation of velocity-modulated oscillator 


The inner line is thick enough to act as a constant 
potential drift space, equivalent in this case to nine 
quarter-wavelengths at the operating frequency, allowing 
electrons with varying velocities in the first gap to bunch 
before entering the second gap where energy is transferred 
from the beam to the coaxial line. Some of this energy is 
expended in modulating the electron velocity in the first 
gap, maintaining oscillation, while the remainder is radiated 
from the inner conductor. This is coupled to a tuneable 
resonator enabling the natural resonance of the system to 
be controlled and the power coupled into the load to be 
adjusted. To obtain the maximum output the electron beam 
voltage must be adjusted so that the bunches arrive in 
synchronism with the natural resonance of the system. If 
then the resonator potential 
is modulated the rate of 
arrival of the bunches is 
varied and the frequency of 
oscillation varied in sym- 
pathy. 

The greater the amount of 
energy transferred to the 
load, that is the lower the Q 
of the tuned circuit, the 
greater the change of fre- 
quency for a given voltage 
change; excessive load will, 
however, prevent  oscilla- 
tion. To achieve the desired 
isolation of the oscillator 
characteristics, modulation is 
applied indirectly in a manner 
shown in Fig. 4. A frequency 
modulated oscillator operat- 
ing at approximately 20Mc/s 
drives a series of frequency 
multipliers to give a final 
frequency of approximately 
180Mc/s. The output is in- 
jected into a silicon diode 
mounted in a section of wave- 
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guide which generates a band of harmonics, some of which 
propagate along the guide. One of these is heterodyned by 
the microwave oscillator to produce a 70Mc/s intermediate 
frequency which is amplified and demodulated, reproduc- 
ing the original signal used to modulate the 20Mc/s 
oscillator. This output is applied to the resonator of the 
microwave oscillator in the correct phase to cause its fre- 
quency to deviate in sympathy with that of the harmonic 
selected. As the final deviation of the transmitted carrier 
is 200kc/s per channel and the selected harmonic is approxi- 
mately two hundred times the frequency of the 20Mc/s 
oscillator the deviation is multiplied proportionately; the 
basic oscillator therefore is deviated only Ikc/s per channel 
and is extremely linear. The mid-frequency of the oscillator 
is stabilized against a quartz crystal so that the harmonic 
is virtually crystal controlled and has a very linear modu- 
lation characteristic. 

The microwave oscillator, i.f. amplifier, and discriminator 
form a closed loop with the characteristics of an amplifier 
with negative feedback. Analysis will show that depending 
on the gain of this loop, the deviation of the signal in the 
if. amplifier will be decreased and any non-linearity of 
the modulation characteristic of the oscillator will also be 
reduced. In a typical system 20dB of feedback is applied, 
reducing the deviation in the if. amplifier to 20kc/s per 
channel, The resultant deviation of the oscillator is thus 
180kc/s, and is obtained with a 20dB improvement in 
linearity. 

In order to maintain the correct phase within the feed- 
back loop over the wide operating band necessary to accom- 
modate the 60 channel signal (300c/s to 320kc/s) a shaping 
amplifier is incorporated between the discriminator output 
and the resonator electrode of the oscillator. If now the 
transmitter is connected to the aerial, any reactance coupled 
into the oscillator cavity, which would cause non-linearity, 
is reduced by the feedback factor of 20dB. 

Since the discriminator is tuned to 70Mc/s any departure 
of the oscillator from the frequency of the harmonic 
+70Mc/s will produce a d.c. output proportional to the 
frequency error. This is applied to a servomechanism which 
corrects the oscillator frequency, tuning the cavity mechani- 
cally and maintaining the resonator voltage at the optimum 


Fig. 4. (a) Transmitter 
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value. In effect the micro- 
wave oscillator is crystal 
controlled and has a highly 
linear modulation § charac- 
teristic, 

It is still necessary in some 
cases to use aerials elevated 
by a considerable amount in 
order to clear path obstruc- 





tions. To retain a reason- 
able length of feeder, these 
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characteristics, effects a con- 
siderable simplification of 
the system as a whole. 


RECEIVER DESIGN 


The receiver is similar 
to the transmitter except 
that the signal received from 
the aerial is fed into 
the mixer in place of the 
harmonic of the modu- 
lated oscillator, which 
is absent. The same 
feedback principle is in- 
volved, but the oscillator 
output is absorbed in a 
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REPEATER DESIGN 


It will be obvious that 
if the receiver oscillator is 
fed into an aerial instead 
of the load, it will radiate 
a signal in a_ similar 
manner to the _ trans- 
mitter. It thus becomes 
both receiver and transmitter, serving as a non-demodulating 
repeater. The use of a simple repeater design imposes a 
number of system limitations, but these are not important 
in practice for a toll system of the kind being described. In 
such a repeater, the transmitter frequency will be removed 
by 70Mc/s from that of the incoming signal. As with the 
transmitter 99 per cent of the output from the oscillator 
is available for transmission. 

The deviation is reduced by 10 per cent in the feedback 
process, representing a loss of 1dB. In consequence, it is 
normal practice to utilize back-to-back terminals, at about 
every fifth station, to restore the modulation index. These 
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Fig. 4. (c) Repeater 


may be conveniently located at a traffic centre where access 
to the modulation is anyway necessary. Systems carrying 
less than the maximum can, of course, be extended further 
since there is an adequate performance margin, a 24 channel 
system for instance has at least a 6dB reduction in channel 
noise over the top channel in a 60 channel system. 


This principle of overall feedback not only provides an 
elegant method of reducing distortion but greatly simplifies 
the repeater station. It also results in a design which utilizes 
the same basic units in the terminal transmitter, receiver 
and repeater, greatly simplifying maintenance (see Fig. 4). 
The last feature is particularly attractive since relatively 
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few panels are required to provide spares for a complete 
system. 

The terminal transmitter and receiver are each accom- 
modated on a standard 7ft 6in rack. A two-way repeater, 
consisting essentially of two receiver racks (but without 
line amplifiers) is also accommodated on two racks. 


Reliability 

The design of an equipment must not only provide a 
solution to the technical problems but also ensure that each 
product provides the same minimum performance for a 
long period with as little skilled maintenance as possible. 


The larger capacity systems are so important that some 
form of insurance against failure is required. The circuit 
may fail for a number of reasons, the two basic causes 
being the loss of signal due to abnormal propagation con- 
ditions, and equipment failure. To some extent the system 
may be designed and planned to allow for loss of signal 
due to propagation effects so that the interruption of the 
circuits is reduced to an acceptable percentage of the time 
An equipment failure, particularly at an unattended station 
may interrupt vital communications, cause loss of revenue 
and generally detract from the standard of service required. 
Trunk systems may warrant the provision of a complete 
spare active path with standby power supplies providing 
a ‘twin-path’ system ensuring continuity save in the event 
of simultaneous faults on both paths. 

An alternative, and generally preferable, arrangement, is 
the ‘ quiescent standby’ system, which provides alternative 
equipment at each station which is automatically brought 
into service in the case of failure. It has the advantage 
that a fault may develop at each station without perma- 
nent interruption of the circuit. The ‘twin-path’ system 
obviously requires a duplication of frequency allocations 
since both are permanently operative. With a ‘ quiescent 
standby’ system the operational and standby equipments 
must work one to the other and therefore on a common 
frequency. 

The usual method of operating quiescent standby is to 
remove the drive from the standby transmitter, and monitor 
the outputs of both receivers. Failure of the operational 
receiver switches on the standby transmitter. (An ambiguity 
exists unless both receivers are monitored since failure of 
the received signal may be due to a fault in the receiver, 
a fault in the preceding transmitter, or a deep fade. These 
difficulties may be overcome by a system of delayed switch- 
ing to avoid unnecessary changeover, but results in signi- 
ficant delay in restoring the circuit where a number of 
repeaters are involved). 

Since with this equipment a common oscillator is used 
at repeater stations to serve as local oscillator and trans- 
mitter, this arrangement is not suitable. However, a parti- 
cularly simple solution has been found. 

The signal from the receiving aerial is fed directly 
through a waveguide or coaxial switch to the operational 
repeater and through a similar switch to the transmitting 
aerial. A little of the signal is also fed into the standby 
repeater which is maintained fully active, except that the 
voltage on the v.m. oscillator is modified to prevent oscil- 
lation. As soon as the signal received by the operational 
repeater falls below a specified level, the standby oscillator 
is brought into operation. The signal received by the standby 
repeater is normally lower since it is coupled to the aerial 
through an attenuator, so that a fade, or failure of the 
previous transmitter does not cause a changeover. If, how- 
ever, the standby repeater receives a signal of higher level 
than that indicated by the operational equipment, the aerial 
switches are changed over and the faulty equipment 
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switched to the quiescent condition. In the event of power 
failure the two equipments are switched on when power 
is restored but the operational repeater takes precedence. 
This arrangement provides the maximum reliability against 
failure with a very short changeover time and a low 
incidence of unnecessary switching. 


Provision of a standby equipment is not sufficient in 
itself. Unless a changeover at an unattended repeater is 
notified to the control terminal the faulty equipment may 
be left unrepaired. Consequently, fault indications are trans- 
mitted as tones over the engineer’s order wire which pro- 
vides party-line communication between all stations. The 
order wire occupies a band from 300c/s to 3kc/s and the 
supervisory tones are located immediately above it. 


Two other facilities which have been found desirable as 
a result of long experience are also available. They are 
the ‘revertive check’ and ‘turn round’ operation. The 
former switches all stations to ‘ operational’ to check that 
this path is free from fault or that a changeover has 
occurred in error. The turn-round facility enables the 
terminal and each repeater to be checked in turn. An 
oscillator is used which has a frequency equal to the 
difference between the transmitted and received signal fre- 
quencies, and a little of the transmitted signal is coupled 
from the aerial feeder into a crystal mixer, together with 
the output frem the turn-round oscillator. The combined 
frequency is accepted by the receiver, to which it is loosely 
coupled, thus enabling the terminal to be checked as an 
entity. The normal circuit tests include signal-to-noise ratio, 
intermodulation and test-tone levels. At the terminal the 
turn-round oscillator is manually switched and is normally 
off. In order to perform the loop test on the first repeater, 
a characteristic control tone is transmitted which brings 
the t.r. oscillator into action and likewise each repeater 
may be turned round from either terminal. Failure of the 
signal to return identifies the faulty station, while excessive 
noise or crosstalk may also be located. Rapid identification 
of a faulty station is very important particularly when both 
equipments are affected, since the outage time may be 
governed by the time taken in travelling to the station. Its 
location enables the maintenance engineer most favourably 
situated to deal with the trouble. (It is worth noting that a 
single channel may have a revenue value of several pounds 
per hour and the loss of sixty channels in a peak period is 
of some consequence.) 


Among other design aspects one must include safety 
precautions to protect both the equipment and personnel; 
component identification and layout to facilitate main- 
tenance; quality of components, materials and finishes to 
prevent deterioration in adverse climatic conditions. The 
use of s.hf. techniques introduces a further problem 
of mechanical accuracy. Many component designs which 
are otherwise satisfactory require an accuracy of manu- 
facture which is difficult to achieve. The accurate 
reproduction of complex shapes in high conductivity metals 
gives scope for the development of new processes. Shell- 
moulding, precision casting, electro-forming and high-speed 
precision routing are some of the commonly used methods 
to avoid expensive and skilled machining operations. 


System Performance 

The quality of manufacture in many cases can only be 
confirmed by electrical test. Measurements of a high order 
of accuracy which initially present a problem in the labora- 
tory must be repeated accurately and quickly in production 
testing. The design of test equipment and the carrying out 
of fundamental measurements may involve as much effort 
as the design of the equipment itself. 
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Tropospheric 


Scatter 


Communication 


By G. L. Grisdale*, Ph.D. 


By using high-power transmitters, large aerials 
and sensitive receivers, it is possible to achieve 
satisfactory multi-channel communication far be- 
yond line-of-sight range. The received signal is 
characterized by very rapid fading, the effects of 
which are reduced by using diversity systems. The 
article reviews the main features of tropospheric 
scatter communication. 


ST communication at frequencies above 100Mc/s 
has usually been confined to transmission paths in 
which the transmitter and receiver are within sight of each 
other. Under these conditions quite low powers can provide 
high-quality: transmissions with large modulation-frequency 
bands for multi-channel telephony, television and radar 
links. Signal strength fluctuation is not normally a problem 
if the aerials are carefully sited. The signal in line-of-sight 
links is normally reliable and steady. When the distance 
between transmitter and receiver is increased beyond the 
line-of-sight limit, the signal rapidly becomes weaker, 
although at the lower frequencies in the v.hf. and 
u.h.f. bands the diffraction of waves round the curvature 
of the earth or over terrain obstructions can provide useful 
communication with increased transmitter powers. The 
lower curve of Fig. 1 shows the calculated increase in 
attenuation with distance for a 3 000Mc/s signal diffracted 
over a smooth earth. 

It has been found that the signals are received at greater 
strength than would be given by diffraction theory and the 
points on Fig. 1 show the results of experimental observa- 
tions made in the United States by Bullington’. The 
measured signal strengths have been plotted in comparison 
with the signal strength which would be obtained with the 
same transmitted power and aerial systems in free-space. 
The signal strength is sufficient for useful communication 
over paths up to two or three hundred miles, provided that 
powerful transmitters are used with large aerial systems. It 
may. be necessary to limit the bandwidth transmitted in 
accordance with the economics of the system. 


* Marconi’s Wireless Tele, ani Co. Ltd. 
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Propagation Mechanism 

The mechanism by which these useful signals are trans- 
mitted is called tropospheric scatter. The physical properties 
of the air do not vary in a smooth and continuous way; 
there are variations of dielectric constant with height in 
the form of blobs or layers having values different from 
the average around that height. When a radio wave, having 
a sufficiently short wavelength compared with the size of 
the discontinuity, is sent through the atmosphere, most 
of the wave energy continues in its original direction, but 
some is scattered in different directions, in the same way 
that the blue part of the sun’s light is scattered by the 
atmosphere to make the sky appear blue instead of inky 
black. 

The angle between the direction of the original ray and 
that of the scattered ray is called the scatter angle; the 
smaller the scatter angle the more intense is the scattered 
radiation. 

Fig. 2 is an exaggerated picture of a section through the 
earth, showing a transmitter T and a receiver R, both fitted 
with high gain aerials pointing at each other, giving narrow 
beams, the lower edges of which are cut off by high ground. 
The beams are directed as low as the terrain allows, so that 
the scatter angle is kept as small as possible, not usually 
greater than two or three degrees. Where the transmitter and 
receiver aerial beams intersect, there is a volume of air 
which acts as the ‘scatter volume’; different parts of the 
scatter volume contribute to the scattered wave, so that 
the received energy consists of many components which 
have travelled slightly different distances. This means that 


The illustration above shows a 30ft aerial for tropospheric scatter transmission 
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the signal is not of constant strength, as in line-of-sight 
links, but fades in the same way as long-distance h.f. 
signals transmitted through different paths in the iono- 
sphere. The fading of tropospheric scatter signals is, how- 
ever, usually more rapid than that of h.f. signals. 


Even with high-power transmitters and large aerials the 
signal is nearly always weaker than that which is con- 
sidered necessary for commercial line-of-sight links, and 
there are two kinds of fading to be taken into account. 
The ‘long-term’ fading is the variation of signal strength 
due to changes in the general condition of the propagation 
path at different times of the year and day. Provision must 
be made for the lowest signal strength that is likely to be 
received, and a usual criterion is that the signal should not 
be weaker than the lowest acceptable level for more than 
1 per cent of the total hours. The long-term fading allow- 
ance at | 000Mc/s for a 200 mile path is about 10dB, com- 
pared with the median long-term signal. 


In addition to the slow change of signal strength, there is 
also rapid fading due to the arrival at the receiving aerial 
of waves from all parts of the scatter volume; these com- 
ponent waves have a range of amplitudes, and their phase 
relationship is random. They combine to give an output 
from the receiving aerial which fluctuates; sometimes short, 
deep fades occur less than a second apart*. The charac- 
teristic time of this fading may be as short as 0-Isec, and is 
normally much more rapid than the fading of long-distance 
h.f. signals. Short-term fading does not necessarily occur 
simultaneously at aerials spaced a short distance apart, so 
that spaced-aerial diversity may be used to reduce the time 
during which the output fades. The spacing of aerials to 
achieve independent fading is usually taken as one hundred 
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of the wave and the narrower the band of frequencies 
which can be transmitted without distortion. If bandwidth 
is a vital consideration, the effective scatter volume can be 
reduced by narrowing the aerial beam so that only the 
most effective part of the scatter volume is illuminated; 
parabolic dishes of 60ft diameter are already in use, and 
120ft dishes have been proposed. The selective fading effect 
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wavelengths, which is not great at frequencies in the u.h.f. 
band. The distance between aerials and the transmitter and 
receiver building should be as short as possible to reduce 
feeder-losses and cost, so that the spacing of aerials for 
diversity reception should be the minimum that gives 
independent fading in the two receiving aerials. 

Another characteristic of the short-term fading is that 
if signals are received using the same transmitting and 
receiving aerials at two different frequencies, the two signals 
do not always fade simultaneously. This provides the pos- 
sibility of frequency diversity, if economics and the 
demands for frequency allocations permit; it also limits the 
maximum modulation frequency that can be used, for if 
the whole transmitted frequency band does not fade simul- 
taneously there will be serious distortion of the modula- 
tion; this distortion is only too well known with telephony 
in the h.f. band. 

The bandwidth that can be transmitted over a link is 
determined by the difference in distance between the longest 
and shortest tracks which transmit energy through the 
scatter volume; the greater the effective scatter volume, the 
greater the path differences between different components 


MAY 1958 


is not at present a serious limitation for multi-channel tele- 
phony, but it might cause difficulty if a television relay 
system were to be considered. 

An interesting feature of tropospheric scatter transmis- 
sion is that the polarization of the signal is preserved, that 
is, a signal transmitted on a horizontal aerial will not have 
a vertical component even after passing through the scatter 
mechanism; this means that polarization diversity recep- 
tion, which can be used with similar signals in the hf 
band, is of no value with tropospheric scatter communica- 
tion. The property is used in some diversity systems to 
attain quadruple diversity with only two aerials at each 
terminal’. 

The frequency band in which tropospheric scatter is 
effective extends from 400Mc/s upwards, certainly beyond 
5 000Mc/s; at lower frequencies the effect is often masked 
by other propagation mechanisms. In this range, assuming 
that the transmitter power and the size of the aerials are 
kept constant, there is not much variation of performance. 
The choice of frequency therefore hinges upon the alloca- 
tion of frequencies by the Administration concerned and 
the availability of suitable components, notably large trans- 
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mitting valves. Large multi-cavity klystrons were produced 
for Band V television, and these have found a welcome 
outlet for tropospheric scatter transmission, Such a klystron 
can provide !0kW output at an efficiency of about 
40 per cent, and can be adjusted to give a bandwidth wide 
enough for multi-channel telephony, and even a television 
link. Fig. 3 shows a 10kW transmitter for tropospheric 
scatter communication, with the power klystron withdrawn. 
The fact that the external cavities are designed round the 
valve leads to a clean assembly. The klystron has high 
gain, only 10W driving power being required for 10kW 
output. The input/output characteristic is linear almost to 
the full output. 





Fig. 3. 10kW tropospheric scatter 
Aerials 

The preferred aerials are parabolic reflectors, illuminated 
by a dipole with a reflector, or a horn radiator. The 
diameter of dish to give the required gain may be up to 
60ft, and the 30ft diameter has become a widely accepted 
size. Such aerials must be built to stand over an inch of ice 
coating and gales up to 100 miles/h, and represent a con- 
siderable fraction of the total cost of the installation. The 
surface must have the correct profile to within about 1/16 
wavelength, which at 4 000Mc/s gives a tolerance of + }in. 
A dual diversity system needs two receiving aerials at each 
end, and these can also serve as transmitting aerials. It is 
becoming usual to employ two transmitters and four 
receivers at each terminal to give quadruple diversity with 
only two aerials; a number of different arrangements is 
possible, and reliability is improved by using several 
equipments. 

The photograph on page 272 shows such an aerial 
used for a prototype link; steel has been used through- 
out the construction, the surface of the dish being 
sheet metal. The twelve sectors of the dish are 
assembled on site, the 4 ton dish being then raised on 
to its gantry. Small angular adjustments are provided in 
azimuth and elevation. The aerial is fed by a horn with two 
probes to excite mutually perpendicular polarizations, the 
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probes being adjusted to give the lowest coupling between 
them, thus protecting the receiver from the high transmitter 
power. The transmitter feeder for 10kW up to 1 000Mc/s 
is 34in coaxial, and the problem of adjusting the feeder 
over a band of frequencies is formidable. Waveguide could 
be used if available in the large size needed, but in any case 
the cost of transmitter feeder is considerable. The receive: 
feeder in this case has 1iin outside diameter. 

Other kinds of aerials are possible at the low-frequemy 
end of the band, but for the most part a high-gain array, 
such as a group of Yagis, would need so many elements that 
feeding them would be difficult. Some form of large sheet 
reflector, such as the parabola, is almost certain to be 
adopted, but there are possibilities of shaping the side of 
the building which houses the transmitter to provide the 
aerial ‘dish’, or of making the gantry into a building for 
equipment, which comes to much the same thing. 

The effective height of the aerial depends upon the con- 
tour of the ground in front of the aerial, and the profile 
of the terrain along the route must be examined carefully 
to ascertain that no obstruction causes a serious increase 
of the scatter angle, and thus adds attenuation to the trans- 
mission. The curvature of the earth helps to keep elevated 
obstructions below the horizon as distance is increased; at 
20 miles the curvature drops the effective height by 200ft. 
which may be significant in fairly flat countries. Raising 
the aerial to very high ground reduces the scaiter angle and 
gives better transmission, and with a carefully chosen site 
the aerial can sit with its lower edge on the ground. Many 
investigations have been made into the calculation of signal 
strengths over given paths‘ and it is now possible to predict 
the results over a given terrain with some certainty’. 


Application of Tropospheric Scatter 

The most important application of tropospheric scatter 
transmission is to replace multi-channel v.h.f.,  u.h-f. 
and microwave links in cases where intermediate repeater 
stations cannot be used. The defence network in Northern 
Canada uses tropospheric scatter communication from very 
inaccessible sites and where low temperatures exist for a 
large part of the year. Other possible applications are for 
links between islands, where it is impossible to erect repeater 
stations in the sea. The Texas Tower radar installations off 
the coast of the United States are linked to the mainland 
by such communication. It has been suggested that Europe 
and America could be linked by a series of island-to-island 
hops using tropospheric scatter communication, and that 
such a link could carry television pictures; calculation 
shows that such a system would not provide very high 
quality pictures over this route. 

Multi-channel telephony is normally handled in the same 
way as for low-power microwave links, that is, the speech 
channels are arranged by frequency changing processes into 
groups of twelve channels spaced 4kc/s apart, each group 
occupying a spectrum 48kc/s wide. Thus, if it is desired to 
transmit 36 telephone channels, they would be converted 
to single-sideband signals between 12kc/s and 156kc/s, the 
lower three groups of twelve channels each. This base-band 
is then regarded as the modulation band for the transmitter, 
which up to the present has used frequency. modulation. 

The deviation to be used for the f.m. signal takes account 
of the fact that the signal fades for instants to a very low 
level, which does not normally occur for line-of-sight links 
During these fades the signal is less than the noise in the 
receiver, i.e. below the threshold level at which the limiter 
of the receiver can be effective in reducing noise. Under 
these conditions short intense bursts of noise are produced 
in the receiver when the deep fades occur, lasting perhaps 
0-Isec. The frequency-modulated tropospheric scatter links 
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have this impulsive type of noise, rather than the smoother 


noise associated with amplitude-modulated or  single- 


sideband signals. 

For an f.m. receiver of given gain the noise power level 
at the limiter will be proportional to the bandwidth, where- 
as the average signal level will be independent of band- 
width. For a wideband receiver, to accommodate a large 
deviation, the signal falls below threshold level more often 
than in a narrow band receiver and the noise bursts in the 
output are longer and more powerful. From this point of 
view the deviation should be as small as possible; however, 
when the signal is above threshold (most of the time) the 
signal-to-noise ratio is proportional to deviation. A com- 
promise must be made between the conflicting demands. In 
general the system parameters are chosen so that the signal 
does not fall below noise for more than one per cent of the 
time; this limits the receiver bandwidth and thus the devia- 
tion. For a typical 200 mile link, carrying 24 channels, the 
deviation was 60kc/s for test-tone level in one channel, 
giving r.m.s. deviation for 24 channels of about 150kc/s; 
the i.f. bandwidth was 800kc/s, somewhat narrower than it 
would be for line-of-sight links. 


An alternative to frequency-modulation for tropospheric 
scatter links is single-sideband modulation. The system is 
essentially the same as that used for h.f. communication, 
except that there could be many more than the four speech 
channels which are the maximum for h.f. It has not yet 
been established whether s.s.b. gives superior results to 
f.m.; the character of the output noise is different with 
s.s.b. the noise surges being less spiky, and it is possible that 
s.s.b. will give better results when signal strength is low. It 
is likely that many f.m. links will be established before the 
relative advantages of the systems are resolved. 


The standard of signal-to-noise ratio demanded of line- 
of-sight links is extremely. high, and not many tropospheric 
scatter links over useful distances will achieve this perfec- 
tion. However, a very satisfactory practical standard is pos- 
sible and this is achieved by attention to every aspect of 
the system which can give an improvement to the signal. 
Receivers in the 600 to 1 000Mc/s band can have 7 to 10dB 
noise factor; an improvement of 3dB in sensitivity at the 
receiver is more significant when it is considered as equiva- 
lent to doubling the transmitter power output. Again, 
increasing the transmitting and receiving aerials from 10ft 
to 30ft diameter is equivalent to increasing the transmitter 
power by up to 80 times. The improvement by using 
diversity depends upon the quality of service of the 
individual channel; the better the performance of the single 
path, the more the improvement by using two or more 
paths in diversity. The improvement in signal by changing 
from double to quadruple diversity is less than that 
obtained in changing from one path to two paths, but 
quadruple diversity is likely to become the standard system 
for high performance links of high reliability. 

In tropospheric scatter diversity receivers, the detected 
outputs of the receivers (at baseband frequency) are applied 
to a combining unit which adds them together, taking a 
greater contribution from the receiver which has, for the 
moment, the greatest signal-to-noise ratio. It has been 
shown that this form of combining gives a better signal-to- 
noise ratio in the combined output, than would be obtained 
by simple switching to the best signal. The improvement 
results from the fact that in tropospheric scatter links there 
is no phase difference between the ieotdithe waveforms 
delivered at the outputs of the diversity receivers, whereas 
the noise outputs are random and unrelated. With dual 
diversity the maximum improvement from this form of 
signal combining is 3dB when the signals in the two 
channels are equal. 
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10kW transmitters and 30ft diameter aerials have been 
mentioned for ranges up to 200 miles. At half this distance, 
and with the same aerials and receivers, the signal strength 
would be about 20dB higher, and 100W transmitters could 
give the same service. Alternatively the size of the dishes 
could be reduced to about 15ft and the transmitter to 1kW. 
On the other hand, if ranges much greater than 200 miles 
are to be covered, the standard of communication would 
fall off with the powers and aerials now available. Narrow 
band telegraph circuits have been maintained at distances 
up to 600 miles. 


Conclusion 

The first applications for tropospheric scatter com- 
munication will certainly be concerned with situations in 
which the terrain rules out multi-hop microwave links. 
Tropospheric scatter can give reliable communication, but 
due to the fluctuating nature of the signal and the limited 
signal strength over the longer distances the quality of the 
communication cannot compare with properly engineered 
line-of-sight links. It is estimated that the cost of a tropo- 
spheric scatter link will not be far from the cost of a multi- 
hop link using v.h.f. or u.h.f., the number of channels being 
limited. The large cost of high power transmitters, large 
aerials and diversity receivers is off-set by the number of 
installations in the multi-hop link. The main interest in 
tropospheric scatter systems has. up to now, come from the 
Service organizations, but there can be little doubt that 
their value in commercial operations will soon be proved. 
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British Television Equipment for Yugoslavia 


Authorities have ordered 
of equipment for the 
Belgrade and 


The Yugoslavian Broadcasting 
from Britain a considerable quantity 
establishment of a television link between 
Ljubljana, an overall distance of 569km. 

Marconi’s Wireless Telegraph Company Ltd are to supply 
this link, together with an ATE-Marconi engineering order wire 
system. The approximate value of the contract is £51 000 

The television link has two features of particular technical 
interest. Working on u.h.f. (in the 1 700 to 2 300Mc/s range) it 
employs an all-travelling-wave tube technique toth in the 
terminal and repeater stations; the wide band provided by 
travelling-wave tube amplifiers enables a high-definition tele- 
vision signal to be accommodated, together with its associated 
sound channel, In this instance the sound channel is con- 
veyed on a pilot carrier inserted above the vision base-band 

The installation, which will include four Marconi Type 
HM200 terminal equipments and two Type HM250 repeater 
units, will be routed from Avala (the television transmitting 
station near Belgrade) via Crveni Cot, Ozren, Psunj, Sljeme 
(near Zagreb) to Krvavec (Ljubljana). Terminal units are to 
be provided at two of the intermediate points—Crveni Cot 
and Sljeme (the latter covering Zagreb)—in order that the 
vision and sound signals can be extracted at these points if 
required. Additionally, facilities will exist at Sljeme for insert- 
ing programmes originating at Zagreb. These can be transmitted 
via the link to Belgrade and Ljubljana simultaneously or to 
either one at will. 
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S.H.F. Radio Links Using Travelling-Wave 
Output Amplifiers 


By G. Dawson*, B.Sc., M.LE.E., and T. K. M. Korytko*, B.Sc., A.M.I.E.E. 


This article discusses the problems that have arisen in the p.anning and installation of broad-band 

s.h.f. radio links in many different countries during the past six years. It describes the techniques 

which have been evolved in the design of the s.h.f. equipment and the associated supervisory 

and switching equipment in order to provide transmission circuits to the international standards 
recommended by the C.C.1LR. 


T is now over six years since the first wideband radio 

relay system using travelling-wave amplifiers was put into 
service for television transmission between Manchester in 
England and Kirk O’Shotts in Scotland, and during this 
period considerable experience has been gained of the 
planning, installation and operation of this type of system 
and further developments have taken place in the design. 

It may be of some value to review the experience de- 
rived from these systems installed in many different 
countries, to consider some of the practical problems 
encountered and to discuss the latest type of equipment 
and probable future trends in the design. 

The travelling-wave tube was invented during the war 
by Kompfner' at Birmingham University and developed 
at the Clarendon Laboratories, Oxford. It was developed 
by Rogers’ into a reliable s.h.f. power amplifier for use 
in the Manchester-Kirk O’Shotts radio link’ in 1952. The 
4000Mc/s band was chosen for its initial application from 
the possible alternatives of 2000 or 4000Mc/s allocated 
for fixed point-to-point wideband radio links, as compact 
and high-performance waveguide structures and aerials 
could be used, and the use of this higher frequency band 
offered the best promise for future expansion of the trans- 
mission capacity of radio link systems with the valve tech- 
niques then available. This choice has been endorsed by 
the general trend throughout the world for the large capa- 
city systems to use the 4000Mc/s band‘ (although in the 
future it is anticipated that the 6000Mc/s band* may be 
used for even larger capacity systems) and also by the 
extended use of the travelling-wave tube as the output 
amplifier in s.h.f. radio relay systems. 

The Manchester-Kirk O’Shotts radio link was designed 
for the two-way transmission of 405 line monochrome 
television signals only, but the interplay of laboratory 
developments and field experience has now produced an 
equipment design which is capable of providing up to six 
two-way radio channels on a single route in the frequency 
band 3 800 to 4 200Mc/s, each radio channel being capable 
of transmitting either 600 telephony channels or a 405, 525 
or 625 line monochrome television signal (with the possi- 
bility of adaptation for colour) to the international trans- 
mission standard of the C.C.I.R. This extension of the 
technique has only been made possible by intensive labora- 
tory development and close co-operation between: the radio 
link designers and the Administrations who operate the 
systems. 

Frequency modulation is used in all the radio link sys- 
tems mentioned in this article and the radio repeater 
design is based on the principle of amplification at inter- 
mediate-frequency with reconversion to s.h.f. and the use 
of a travelling-wave amplifier to deliver the final output 
power. With the extended development of the travelling- 


* Standard Telephones and Cables Lid. 
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wave valve it is now possible to design a repeater with all 
the amplification at s.h.f., but there are good reasons, which 
will be detailed later, for the retention of the present 
arrangement. It is interesting to note that the recently 
described Bell TH system intended to carry at least 1 860 
channels of telephony employs amplification at 74-1Mc/s 
followed by a travelling-wave amplifier as a power output 
stage. 

The successful provision and operation of a radio relay 
system depends upon the transmission performance, the 
reliability and the cost in both time and money; all of 
which are to some extent inter-related. 

Satisfactory transmission performance, for which the 
targets are defined by the C.C.I.R, depends not only upon 
the equipment design but also upon the route planning 
and the successful choice of suitable sites for the radio 
stations, and some of the problems which arise are dis- 
cussed below. 

Generally speaking, propagation planning, including good 
Fresnel zone clearance, a good immediate foreground and 
a suitable angle between the directions of transmission 
tends to dominate the selection of sites, but the problems 
of acquiring the site, accessibility and building construc- 
tion must also be considered. 

In Britain up to fifteen different authorities may. have 
to be consulted before final permission is granted to build 
a station; even then special action may be necessary as at 
Blackford Hill on the Manchester-Edinburgh system where 
the station building was concealed behind the summit of 
a hill in order to hide it from public view. 

On the Madrid-Sevilla 240 channel telephone link similar 
aesthetic considerations influenced the siting of the aerials 
on the roof of the Telephone Building at Madrid. 

As in the nature of things better clearances and longer 
hops are obtained by going as high as possible in a hilly 
terrain, accessibility may become a severe problem. 
Repeater sites, like Koralpe (2 100 metres) on the Graz- 
Klagenfurt system in Austria, may become inaccessible in 
the winter. The positidn of the sites on the Cabot Strait 
crossing between Nova Scotia and Newfoundland was in- 
fluenced by similar considerations. 

It is all the more important, therefore, if a compromise 
has to be accepted, to assess clearly what the choice of an 
inferior site entails in terms of system performance, and 
this is no simple matter. 

It was noticed on two early systems, Manchester-Kirk 
O’Shotts and Johannesburg-Pretoria, that excessive s.h.f. 
coupling could occur between the two directions of trans- 
mission, if, as was desirable for reasons of economy of 
spectrum, the operating frequencies were the same. 

The aerials were placed horizontally side-by-side in those 
days, with one transmit and one receive aerial per direc- 
tion. It was found that some excessive coupling was 
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Fig. 1. C.C.1.R. frequency plan and its application 


caused by the unwanted signal being reflected from the 
back of one aerial and entering the adjacent one. This 
trouble was easily overcome and on later systems the 
aerials were invariably placed directly above one another. 
with a horizontal screening plate in between. 

Another source of coupling was traced to reflections 
from the immediate foreground, including the station 
building itself. Coherent reflections from sharply defined 
features of the terrain, like cliffs and ridges behaved 
similarly. A special testing equipment was developed, 
measuring the magnitude and distance of the reflection, and 
a method of calculation was finally arrived at, which made 
it possible to evaluate the effect theoretically once the 
features of the terrain were known. 


It was found, however, that the choice of sites to give 
adequately low foreground reflections became far more 
difficult, if the same frequencies were to be used in the two 
directions of transmission, and a more radical approach 
was developed. 


In the C.C.I.R. frequency plan for wideband systems, 
there are two sets of frequencies (see Fig. 1) which can be 
called ‘A’ and ‘B’. The frequency spacing between corre- 
sponding radio channels in the two sets is 14-5Mc/s and is 
too small for both sets to be used on the same hop. It 
is, however, permissible to use the sets alternately when 
going along a route (with full conservation of the radio 
spectrum) so that any foreground or aeria! crosstalk effects 
at a station would then fall outside the signal base-band 
which considerably eases the site selection problems. This 
solution has been used in the planning of 600 channel 
telephony routes in New Zealand (Palmerston North- 
Hamilton, Fig. 2), Switzerland (Berne-Geneva), and between 
England and France (Folkestone-Lille). At a branching 
point the choice is made in such a way as to minimize the 
total interference: in other words, the two directions with 
least coupling between them use the same allocation (Fig. 2). 

Another kind of unwanted signal can reach a receiving 
aerial by ‘overshoot’ propagation. This propagation 
underlies tropospheric scatter systems; it is known that the 
field strength beyond the horizon may rise considerably 
above its mean level at times and that this level is particu- 
larly high in tropical countries. Suitable precautions have 
to be taken in planning the routes to change direction in 
such a way that there is an adequate angle between sectors 
AB and CD, and direction AD, where A, B, C and D are 
successive stations, B and D using the same frequencies. 
The directional discrimination of both the aerials is thus 
brought into play, and this can be re-inforced by cross- 


MAY 1958 





HAMILTON 


TAUMATAMAIRE 








20 30 
SCALE-MILES 





PALMERSTON NORTH) 








Fig. 2. Route map of a 4 000Mc/s system in New Zealand 


polarization if necessary. This principle influenced the 
planning of two routes in Canada (Fig. 3), where sites 
could have easily been found in a straight line, and this 
would have simplified access to the stations on_ these 
routes. 

The situation becomes more complex if the interfering 
signals arise Outside one’s own system or where one has to 
join two systems using different frequency plans. A diffi- 
cult case of this kind occurred on the Quebec-Rimouski 
route in Canada, where a parallel Bell system link existed 
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using the same frequency band (Fig. 4). Detailed agree- 
ment was necessary on sites, polarization, aerial directivity 
and transmitted powers before safe interworking was made 
possible. 

Even after thorough propagation tests unexpected diffi- 
culties may arise due to seasonal variations in the terrain. 
When planning the route between Rio de Janeiro and Sao 
Paulo in Brazil it was found that the route originally 
envisaged, which broadly followed a river valley, became 
completely unsuitable after rains because of flooding and 
consequent strong specular reflections. Different sites had 
to be chosen and tested. 

Over-water propagation usually leads to specular re- 
flections and severe fading. This was first noticed on the 
microwave link across the English Channel established in 
the early 1930's between Lympne and St. Inglevert’, which 
used the first microwave equipment in commercia! service 
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type, i.e. if the signals are equal in strength, a 3dB increase 
in signal-to-noise ratio is obtained over a single aerial; if 
one of the signals disappears, there is a 3dB degradation in 
signal-to-noise relative to the case of the other signal alone. 

It is essential that a long-distance system carrying many 
hundreds of telephony channels or several television signals 
should have an exceptionally high reliability. This is re- 
flected in the need for thorough checking of the propaga- 
tion conditions along the route, and in the adequate 
provision of standby power and radio equipment, together 
with a reliable supervisory and remote control system to 
ensure its satisfactory operation. As more experience has 
been gained the methods of standby equipment provision 
and operation have changed. 

On the Manchester-Kirk O’Shotts system each working 
equipment was provided with a complete standby equip- 
ment operating at the same frequency and switching took 
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Fig. 3. Route maps of two 4 000Mc,'s systems in Canada 


in the world. It was also found that fading varied with 
the tide, thus suggesting specular reflections and vertically- 
spaced diversity as an answer. Extensive tests were car- 
ried out after the war across the Firth of Forth and across 
Torbay and much information was obtained on the 
behaviour of over-water paths and the use of space-diver- 
sity to reduce the effects of fading. 

As a result of this, an 
automatic phasing junction 
was developed for diversity 
reception (Fig. 5), which 
automatically combines the 
shf. signals from the 
separate aerials in the 
correct phase to give the 
maximum combined sig- 
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Fig. 4. Route maps of the Quebec —Rimouski 4 000Mc/s systems 


place at each station separately by means of s.h.f. change- 
over switches. 

On later. systems the approach was modified. Provision 
was made for a separate radio frequency protection channel 
as a standby for one or more working channels. The route 
was divided into sections comprising 4 to 6 repeaters with 
switching carried out at section ends only. 


Fig. 5. Outline of automatic diversity scheme 
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Both base-band switching at terminals and intermediate 
frequency switching at repeaters or terminals have been 
developed. The initial application of switching at if. on a 
mixed 240 channel telephony and television system with 
a common standby channel was on the Osaka-Fukuoka 
system in Japan. 

An arrangement frequently used on a system transmit- 
ting only one broad-band signal is parallel transmission of 
the signal on both the ‘ working’ and ‘ standby’ channels, 
as experience has shown that for effective operation the 
standby should be switched on and working on full power 
all the time. Switching is thus confined to the receiving 
end only and a simple arrangement using base-band pilot- 
level and noise detectors selects the more desirable of the 
two signals permanently available. 

if more than one 
broad-band channel is 
transmitted this arrange- 
ment is no longer pos- 
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The two later systems use the parallel channel standby 
scheme described earlier. It can be seen that the reliability 
figures are very good even on Manchester-Kirk O’Shotts 
with its equipment of early design and in its sixth year of 
service. 

As to travelling-wave amplifiers’, the life of the CV2188 
(W7/2D) one-watt tubes has been progressively improved. 
Of the eight valves initially equipped on the Thrumster- 
Kirkwall 240 channel telephone system all but one are still 
working normally after 10000 hours. This compares with 
an average life of 3000 hours on the early models of the 
CV2188. The latest equipment uses a five-watt travelling- 
wave amplifier which incorporates the experience obtained 
with the CV2188 

The experience on oscillator 


coaxial-line microwave 


SWITCHING 


AND 


SWITCHING TRANSMITTERS 





sible. The spare channel 
must be normally kept 
free: switching has to be 
carried out at both ends, 
and so the instruction to 


CHANNEL |! 








CHANNEL 2 


RECEIVER | 70Me/s Lt _ la 
Qudinen 


eee 














switch the sending end 
must be obtained from 
the receiver. This inevit- 
ably means a_ greater 
time lag, but even then 
the complete sequence 
occupies less than 100- 
msec and the actual 
switching is only a few 
milliseconds. An up-to- 
date multi - channel 
switching arrangement is 
shown in Fig. 6. 

While improvements 
were being devised in 
methods of standby pro- 
vision and in switching 
arrangements, there has 
been continuous progress 
in the reduction of the 
size and complexity of 
the equipment and in 
extending the life of 
microwave valves. 

On the Manchester-Kirk O’Shotts link, a uni-directional 
repeater occupied 34 cubicles of the same size as the single 
cubicle housing the present-day repeater and the number of 
valves has been reduced to about 40 per cent of the original 
number. It is of interest therefore to examine the trans- 
mission reliability figures of the earlier equipments, as they 
should provide a guide to the expected performance of the 
later systems. 

The ‘outage’ figures in Table 1 have been recorded 
within arbitrary periods of approximately one year. 

All breaks are taken into account except those caused 
by major power failures or by engineering working parties. 
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tubes" has been that average working lives of about 6 000 
hours were obtained from the early days of link operation 
onwards. 

The lengthening of the travelling-wave amplifier’s life 
substantially reduces the cost of microwave valve replace- 
ment, which is one of the major charges on link main- 
tenance. 

Great simplification has also been effected in equipment 
maintenance procedures. Here the major steps of progress 
have been the elimination of automatic frequency control 
at repeaters, the introduction of fixed tuned i.f. amplifiers 
and the advent of the ferrite isolator, which has simplified 
the impedance matching procedures within the equipment. 

The present-day equipment incorporating these features 
is described below. 


General Equipment Description 


AERIALS, FEEDERS AND BRANCHING FILTERS 

The aerials normally used on 4 000Mc/s main-line routes 
are paraboloids of 10ft diameter with a smooth metal sur- 
face. The aerial gain at that frequency is 39-5dB and so the 
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beam width is only +1” to the half-power points. This 
makes it necessary to construct a rigid supporting structure, 
usually taking the shape of a steel lattice mast of rect- 
angular cross-section and a fairly broad base. As the radio 
stations are frequently situated on high ground and in 
exposed positions, the structures must be designed to with- 
stand gusts of up to 120mile/h with an aerial beam de- 
flexion well under one degree. Conditions like this are met, 
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for example, on the Thrumster-Kirkwall route and on the 
Sydney-St. Johns system in Newfoundland. 

The aerial reflector is fed from a waveguide horn sup- 
ported in front of it by a bar parallel to the aerial face, 
half of which forms the waveguide feed. A rear feed may 
have certain advantages and its introduction is being 
considered. 

A rectangular waveguide feed of 2in by 2/3in cross- 
section connects the aerials with the remainder of the 
equipment situated inside a building at ground level. 

The branching filters separating or combining the 
different radio-frequency channels for ~ common-feeder 
working are situated inside the building and common 
transmit-receive working is employed with the three chan- 
nels of the C.C.LR. allocation (see Fig. 1) using a common 
polarization connected to one feeder and aerial. 

The other three cross-polarized channels use another 
aerial with a separate set of branching filters. This arrange- 
ment has the advantage of not requiring polarization 
separators and of easing certain channel crosstalk 
problems. It also means that in the great majority of cases, 
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where system installation starts with two or three rf. 
channels, only one aerial is required per station per direc- 
tion at first, thus spreading the capital cost of a fully- 
equipped system. The feeder is simple and no spurious 
mode problems arise. 


The branching filter (Fig. 7) consists of two band reflec- 
tion filters, spaced a quarter-wavelength apart. Compact 
waveguide hybrids at each end perform the splitting, drop- 
ping and combining functions. The through attenuation of 
the filter to the dropped channel frequency is 35dB, but 
at any other channel frequency. it is only 0-1dB. The band 
width of the dropped channel is about 55Mc/s. 


The match of the filter to the main run is such that even 
with several filters in tandem the reflection at the filter end 
of the aerial feeder does not exceed 4 per cent. 


The ‘drop’ arm of each branching filter is connected to 
its bay of equipment through a short length of coaxial 
cord with spot-matched transitions. This imparts mechanical 
flexibility to the station layout while keeping the cord loss 
down to about 0-25dB. 


SW REPEATER EQUIPMENT 


The arrangement of the repeater is shown in Fig 8. 
The s.h.f. input signal from the branching filter 
passes through a four-section input filter and an 
isolator into the input mixer, where it is converted 
to the C.C.LR. recommended i.f. of 70Mc/s. Three if. 
amplifiers follow: the pre-amplifier is designed for the 
lowest possible noise figure with a conversion gain of some 
20dB. With available input converter diodes, the overall 
noise figure is 11 to 12dB. The main i.f. amplifier, with a 
maximum gain of some 60dB follows, delivering a signal 
of 0-5V which is kept constant by a.g.c. action. Finally, the 
if. output amplifier drives the medium level balanced con- 
vertor employing two germanium diodes. The medium level 
convertor is fed with about 0-8W of power from the 
coaxial-line local s.h.f. oscillator tube via a ferrite isolator, 
which eliminates the distortion effects of local oscillator 
pulling. The output from the medium-level convertor, at 
approximately 20mW, passes through another isolator, then 
through a four-section waveguide filter selecting the appro- 
priate sideband and into the travelling-wave amplifier. At 
the output of this tube the signal level is 5 to 7W and, after 
passing through another isolator, it passes to the repeater 
output. 


The local oscillator tube feeds both the convertors: the 
transmitting one directly, through the isolator, the receiv- 
ing one through a shift mixer and two band-pass filters, 
each tuned to one of the local oscillator frequencies. The 
shift mixer is driven by a crystal-controlled oscillator-multi- 
plier at the difference frequency of the input and out- 
put radio frequencies. This ensures that both local oscillator 
frequencies are on the same side of their respective signal 
frequencies, making the repeater frequency shift indepen- 
dent of any drift in the local oscillator. The accuracy of the 
frequency shift is of the order of 10 to 20kc/s and so the 
accuracy of the radio frequencies themselves is primarily 
determined by the terminal transmitter. 

At successive repeaters the local oscillators are placed 
alternately above and below the radio freauencies, thus 
reversing the sense of the if. signal deviation at each 
repeater. This has the effect of cancelling any systematic 
component of even order harmonic distortion arising in the 
if. chain. 

In earlier systems independent local oscillators were used 
for the two mixers, each of them controlled by an a.f.c 
chain*. This could give a cumulative frequency error along 
a line of repeater stations, apart from added cost and 
complexity. 





The latest local oscillator does not employ an automatic 
frequency control, but relies on a specially designed 
coaxial-line tube’ which has a low pulling figure and low 
frequency sensitivity on its electrodes. If ageing effects are 
ignored, the stability of any oscillator depends on tempera- 
ture, electrode potentials and load impedance. The tube is 
placed in a simple relay-controlled thermostatic oven kept 
above the maximum possible ambient, at about 60°C. 
An air stream is used to couple the cavity to an on-off 
heater. Temperature control better than 1°C peak-to-peak 
is thus achieved. The oscillator is fed from a stabilized 
power supply and feeds into an output isolator. 


As a result the frequency stability is at least as good as 
with the former a.f.c. system: a typical daily frequency 
excursion is less than 100kc/s peak-to-peak and the drift 
of the mean frequency. is about 100kc/s per month. 

The shift mixer is of interest, as it is one of the few 
elements common to all modern repeaters. As the shift 
frequency in the C.C.I.R. scheme is relatively high, just 
over 200Mc/s, a relatively low harmonic (approximately 
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very few distortion effects that can arise in this tube is 
a.m.-to-p.m. conversion” and the limiting action helps con- 
siderably to minimize its incidence. Cumulative limiting at 
each repeater is also beneficial from the systems point of 
view, and one of the advantages of conversion-type limit- 
ing is that it operates over a wide band and does not intro- 
duce the troublesome stray distortion effects associated with 
some other types of broad-band limiter. The medium-level 
convertor uses germanium diodes specially designed to 
give good conversion properties up to 100Mc/s, but to pro- 
duce negligible harmonics of the 70Mc/s signal which 
might fall near the output frequency. 

The travelling-wave amplifier” gives 27 to 29dB of ampli- 
fication over a bandwidth of some 600Mc/s. Group delay 
distortion and drift effects are negligible: the band-pass 
characteristic is entirely determined by the passive filter 
preceding the tube. There is no tuning as such—merely 
impedance matching, which in systems employing isolators 
means adjustment for maximum signal level when setting 
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Fig. 8. Block schematic of a SW s.h.f. repeater 


the 20") might fall close to the input frequency or the 
receive l.o. frequency. In both cases the harmonic level 
may be intolerably high in certain r.f. channels if the 
silicon diode in the shift mixer is driven in the usual way. 
A circuit has been developed for driving the diode in such 
a manner that the 4000Mc/s harmonics are reduced by 
about 45dB relative to normal drive at a cost of an addi- 
tional 2dB in s.h.f.-to-s.h.f.conversion loss. This removes all 
possible restrictions on the choice of shift frequencies and 
working channels which might be otherwise imposed by 
interference from harmonics. 

All intermediate frequency amplifiers use the same type 
of inter-stage circuit: a parallel-tuned band-pass trans- 
former with coupling factors between 0-5 and 0-7. Single or 
double damping is used according to individual circuit 
requirements. The coils used are true vhysical transformers 
and not three-inductor analogues. 

The coils are preset and are reproduced against a pre- 
cision standard initially developed to tune with the mean 
valve capacitances. 

Coils of this type considerably simplify system main- 
tenance, because in the absence of tuning only gain measure- 
ments are necessary when changing a tube’. 

The medium level mixer is an important part of the 
repeater, as it has the effect of limiting the signal just 
before the output travelling-wave amplifier’. One of the 
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Apart from the above advantages, the travelling-wave 
amplifier is robust and long-lived. Once adjusted it needs 
virtually no maintenance and a clear indication of the 
degree of tube ageing in operation is provided by the elec- 
trode voltages, so replacement is a matter of routine. 

All waveguide filters in the repeater use quarter-wave 
spacing between cavities’ and planar’ side-by-side group- 
ing of waveguide components into blocks. This is made 
possible by the development of a planar analogue of a three- 
dimensional hybrid with considerable band-width. These 
developments have substantially reduced the size of the 
repeater. 

Operationally, the main advantages of this type of repeater 
could be stated as follows: 

(a) Flexibility of system operation, e.g. if dropping or 

injection of a television signal is required at any 
future date, the i.f. point is available. 


(b) Compactness, largely due to the small volume 
occupied by i.f. amplifiers. 

(c) Stability of characteristics, caused by absence of 
active filters with a small fractional bandwidth. 

(d) Low tube replacement costs, with only two long- 
lived microwave tubes in the circuit. 

(e) Similarity of the radio equipments at repeaters and 
terminals (see below). 
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(f) Cumulative limiting in the medium-level convertors. 
(g) Simplicity of maintenance. 


SW TERMINAL EQUIPMENT 

Transmitter terminals using a klystron modulated oscil- 
lator working at the final output frequency, followed by a 
t.w.t. are being extensively used® on systems where the 
additional terminal flexibility gained by having an i.f. point 
available is not worth the further complication in the equip- 
ment (Fig. 9b). As this type has been fully described 
elsewhere, the more complicated terminal is described 
below. 

At a terminal with i.f. points available at the transmitter 
and receiver (Fig. 9a) the equipment can be diveded func- 
tionally into two parts: the radio terminal proper and the 
modulator-demodulator. 70Mc/s points are provided at 
both the transmitter and receiver—they form the demarca- 
tion line between the two parts. Functionally, the radio 
terminal is little different from the repeater, converting a 
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Fig. 9. Block schematics of s.h.f. 
(b) Direct modulation type 


(a) LF. type 
70Mc/s signal to 4000Mc/s at the transmitting end and 
performing the reverse process at the receiver. 

What is essentially peculiar to the terminal is the fre- 
quency modulation and demodulation process. 

The modulator and demodulator may be divorced from 
the s.h.f. band in which the equipment is working and 
their characteristics are dictated solely by requirements on 
distortion of the information transmitted. 

The application of pre-emphasis which reduces the 
asymmetry and effective deviation of the television picture 
has made it possible, to produce a terminal equipment 
common to duth television and telephony. The transmitter 
a.f.c. operates on the mean carrier frequency. 

A klystron oscillator is used to produce the modulation 
and it is mixed with a stable local oscillator to produce 
the i.f. signal. 

The mixer provides an appreciable amount of limiting, 
as the klystron supplies the high-level signal. A.F.C. is 
applied mechanically within the klystren cavity. 

The base-band amplifier immediately preceding the 
klystron is flat over the television video bandwidth while 
at the same time giving negligible non-linear distortion 
when handling 600 telephone channels. 

The if. output is 0-SV at 70Mc/s: 
controlled within close limits, as the 
a.f.c. is derived from a 70Mc/s 
oscillator. 


the frequency is 
reference for the 
crystal-controlled 
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The common demodulator is conventional, consisting of 
a wideband limiter and discriminator and a wideband out- 
put base-band amplifier. 

Switches are provided to change the different attenuator, 
pre-emphasis and output networks associated with either 
television or telephony. 

As the pilot frequency is 3-2Mc/s in the case of tele- 
phony and 7Mc/s or 8-5Mc/s in the case of television, 
automatic network switching can easily be provided on the 
basis of pilot detector outputs. 

Looking ahead, the techniques which have been so well 
established in the 4000Mc/s band are already being 
extended to the 6000Mc/s band and it is probable that a 
single wideband s.h.f. channel will be expanded in trans- 
mission capacity to about 1 800 telephony. channels or a 
combination of telephony and television signals. The raie 
of development in this field is noteworthy when it its 
remembered that it is only fifteen years since the travelling- 
wave amplifier was invented, but it should be emphasized 
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that the development rests on a solid foundation of field 
experience in many countries and differing conditions of 
service. 
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All Travelling-Wave Tube Systems 


By S. Fedida*, B.Sc.(Eng.) (Hons.), A.C.G.L, A.M.LE.E. 


The intrinsic features of all travelling wave tube microwave link equipment, of a type 


the projected London to Norwich television 


similar to 


radio relay, and their unique advantages and 


versatility in applications demanding a high grade of performance, are described in this article. 


Possible sources of distortion in travelling wave tubes are analysed and methods of reducing their 
effect to acceptable values, are indicated. 


HE development and installation of broad-band micro- 

wave line of sight communications systems has been a 
major feature of the post-war increase in communications 
facilities, mainly in Europe and North America. 

Early designs have tended to concentrate on valves of 
conventiona! design, while systems of later vintage have 
introduced travelling-wave tubes, at least in the output 
stage. Most of them, on the other hand, have provided the 
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becomes more widespread and their properties better under- 
stood. 

At the present time, they are available for a variety of 
duties, and for use at practically all microwave frequencies, 
from 1 000Mc/s upwards. Power outputs range from I1mW 
to 20W and gains from 20dB to S5O0dB, in a single envelope. 

The medium power travelling-wave tube (1 to 10W) is 
generally onerated at a helix potential of 2 to 3kV and 
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Fig. 2. Basic non-demodulating, all t.w.t. repeater (ome way) 


greater part of the gain required in the non-demodulating 
repeater, by the use of 1.f. amplification. 

At least one commercial design’ exists, at the present 
time, wherein full advantage has been taken of the suit- 
ability of the travelling-wave tube for this type of service, 
to the extent of eliminating i.f. amplifiers altogether in the 
basic non-demodulating repeater. 

The purpose of this article is, to highlight some of the 
more relevant properties of travelling-wave tubes and the 
advantages of all travelling tube systems as applied to 
microwave communications links. 


The Travelling-Wave Tubes 

Although the travelling-wave tube was invented only 14 
years ago’, such is the speed of modern technological 
development, that it is now taken for granted and regarded 
as an almost conventional device. While great credit must 
be given to the pioneers who turned this epoch-making 
invention into a device available in commercial quantities, 
it is fair to say that further significant improvements in 
performance and utilization can be expected, as their use 
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takes currents of 40 to 60mA, while more recently tubes 
operating at helix potentials of about [kV and taking higher 
currents have been introduced. 

The intermediate power and low noise travelling-wave 
tubes operate at a helix potential of under IkV, and take 
currents of 4 to 10mA, and 200 to 300uA respectively. 
Typical noise figures are 6 to 10dB for receiving tubes and 
less than 20dB for intermediate power tubes. 

Electromagnetic field requirements for travelling-wave 
tubes vary between 100 and 200W, according to type 
Several tube types are also available at present with integral 
or external permanent magnet focusing. 


Structure of Typical Microwave Links 

The structure of a typical microwave link featuring 
travelling-wave tubes is generally quite simple. 

Terminals consist essentially of an r.f. amplifier, a fre- 
quency changer and associated filters. In transmitting 
terminals, a high level i.f.-to-microwave convertor is 
required, while in receiving terminals a low level micro- 
wave-to-i.f. convertor is necessary (Fig. 1). 

Non-demodulating nct requiring 


repeaters, channel 
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dropping facilities, are, if anything, simpler. They may 
consist of three or four travelling-wave tubes, a frequency 
changer and associated filters (Fig. 2). 

Channel dropping facilities may be incorporated quite 
readily, as shown in Fig. 3, at the expense of an additional 
frequency changer in the through signal chain, but only 
when channel addition and extraction is to be performed 
at a standard i.f. frequency. 

The structure of the corresponding i.f. repeater is shown 
in Figs. 4 and 5, where an indication of the increased com- 
plexity is evident. This point will be considered again 
later. 
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requires circuit realignment, in wideband i.f. amplifiers 
may, with travelling-wave tubes, be done without difficulty, 
provided means are adopted to ensure that the return loss 
at the input and output terminals is maintained at the 
requisite value. 

One way of attaining this objective is a matter for the 
tube designer. It is a function of the uniformity of the helix, 
the impedance matching properties of the attenuating 
elements within the tube, and the design of the helix to 
transmission line transducers, at the input and output 
terminals of the tube. The problem is, however, difficult to 
resolve, particularly in the case of the medium power tube, 
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Functional Advantages of Travelling-Wave Tubes 
BANDWIDTH 

One of the most well-known, and at the same time the 
most remarkable property of travelling-wave tubes is their 
extraordinarily large bandwidth. For example’, a typical 
travelling wave tube operating at a centre frequency of 
6 000Mc/s has, in the low level signal condition, a band- 
width of well over 2 000Mc/s. 

Admittedly, this very large bandwidth is, at present, 
much greater than may be usefully employed in conven- 
tional microwave links, but it has the decided advantage of 
eliminating the need to use difficult-to-align interstage 
circuits, which are a source of great difficulties, in wideband 
i.f. amplifiers. 

Another advantage is that tube changing, which often 
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where the attenuator is situated in the first half of the helix, 
with the result that reflections at the attenuator are greatly 
amplified and their rate of change of phase with frequency 
is very high. In spite of these difficulties, return loss figures 
of greater than 26dB, over bandwidths of the order of 
40Mc/s around any frequency: within the operating range 
of the tube, are currently obtained‘. 


A solution which is now gaining considerably more 
favour is to use ferrite isolators. These have now reached 
a sufficiently advanced state of development as to be cheap, 
reliable and readily available. 


When isolators are used, tube changing may be accom- 
plished without requiring any readjustments whatsoever 
to the input and output circuits. Furthermore, they mini- 
mize the effect of long line echoes, which are accentuated 
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when travelling-wave tubes are connected directly. to long 
feeders. 

Another development of a mechanical nature, intended 
to facilitate the changing of tubes, is encapsulation. The 
whole tube, complete with helix to coaxial line transducer, 
is enclosed in a metal shell fitted with input and output 
coaxial connectors’. Apart from the advantage of rigidity 
and ruggedness obtained thereby, the changing of tubes 
may be entrusted quite safely to relatively unskilled per- 
sonnel, if necessary. There is hardly any need to emphasize 
the importance of this feature, particularly in installations 
located in sparsely populated territories. 

The penalty for encapsulation is loss of available gain 
which, in the case of interstage tubes, is quite unimportant. 
Loss of gain at the input of the low noise tube and at the 
output of the power tube is seldom acceptable, unless it is 
taken into account in the early tube and link design stage 
and other parameters adjusted accordingly to compensate 
for it. 

Encapsulation tends, in certain cases, to increase the 
capital cost of the equipment. This is due to the fact that 
encapsulated tubes do not in general incorporate facilities 
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Fig. 6. Gain characteristic of an intermediate travelling-wave 
various values of Wehnelt voltage) 


for the adjustment of the return loss at the input and output 
terminals. In applications where high transmission quality 
is essential, as in the case of multi-channel telephone systems 
and television systems conveying a music channel, or colour 
information, isolators must be used in large numbers ana 
this may be uneconomical. 


AUTOMATIC GAIN CONTROL 


The total amount of gain required at microwave link 
repeaters is usually of the order of 70dB, for favourable 
propagation conditions. A fading margin of 20 to 30dB 
must also be allowed for by the provision of additional 
gain and an automatic gain control arrangement. 

The provision of automatic gain control in i.f. amplifiers 
does not introduce excessive difficulties, provided the con- 
trol is applied to low impedance stages. Automatic gain 
control may also be readily applied to travelling-wave 
tubes, but in a repeater of the type shown in Fig. 2, only 
one tube (tube 7:) is available for this application. Gain 
control on the other tubes results in a degradation of noise 
figure or a reduction in power output, and neither of these 
results is acceptable. 

Typical gain characteristics for a low power travelling 
wave tube, at various values of Wehnelt voltages, are 
given in Fig. 6. It may be seen that a gain variation of about 
20dB may: be obtained for a Wehnelt voltage change of 
36V, at an output power level of ImW. Approximately the 
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same voltage change is also required at an output level of 
10mW. 

An input/output characteristic for the same travelling- 
wave tube, with and without a.g.c., is shown in Fig. 7. 
The output is maintained constant to within +0°5dB of 
10mW, over a power input range of 20dB. A d.c. amplifier 
having a gain of about 600 was used to amplify the varia- 
tions in output, which was monitored by a silicon diode 
rectifier, connected to the output of the travelling-wave 
tube through a 10dB directional coupler. In a repeater 
application this monitor should be coupled to the power 
output tube, provided this tube is not limiting, so as to 
take advantage of the additional gain provided. Thus the 
gain of the a.g.c. amplifier need not be more than about 
40dB, in order to provide adequate control. 

The application of a.g.c. to a repeater has an important 
bearing on the gain requirements and the power handling 
capacities of each one of the travelling-wave tube types 
used. In a typical repeater the input power may be of the 
order of 1uW, and the output power of the order of 10W. 
Where a.g.c. is obtained by the application of bias to the 
Wehnelt of a travelling-wave tube, both gain and power 
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Fig. 7. Gain characteristic, with and without a.g.c. of an intermediate power 
travelling-wave tube 


handling capacities are reduced to approximately the same 
extent. It foliows that the ratio of saturation power to 
Operating power in a gain controlled t.w.t. should be at 
least equal to the a.g.c. range required. It is clearly 
important, therefore, to reduce the operating output power 
of this tube to the absolute minimum. 

This calls for the removal of the second frequency 
changer (Fig. 3), from the output to the input of the inter- 
mediate tube, and since the output tube is not likely to 
have a noise figure of much better than about 30dB, it 
follows that at a drive of ImW the noise power contribu- 
tion of this tube is about one-tenth that of the low noise 
tube, assuming the latter to have a noise figure of 10dB. 
(It is usually lower). Similarly the drive to the intermediate 
tube must not fall below about 100uW. 

Thus the requirement for a.g.c. in a repeater calls for a 
power tube gain of 40dB approximately, at an output power 
of 10W (or 37dB at 5W), for an intermediate tube satura- 
tion power of at least 250mW, with a gain of 30dB at 
100mW output, and for a low noise tube saturation power 
of about 10mW, with a gain of 32dB, at an input power of 
luW. This assumes that the loss of each frequency changer 
is no greater than 6dB. 

A block diagram of an all t.w.t. repeater, fitted with 
a.g.c. and capable of channel insertion and extraction, is 
given in Fig. 8. Typical power levels along the repeater, 
under free space conditions, are also given. 
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The application of a.g.c. to a repeater (Fig. 9) when a 
total of four tubes is used, is relatively easier and the 
specifications imposed on the tubes and the frequency 
changers are easier to meet. These factors have to be 
weighed up against the cost of the additional tube with its 
associated mount and power supplies. It is, however, a 
simple solution which could be justified in the longer run 
as the cost of manufacturing tubes is progressively. reduced. 
For a desired a.g.c. range of 20 to 25dB, the maximum power 
handling capacity of the intermediate tube need not exceed 
100mW and the frequency changer loss may be up to 10dB 


— 44Bm 


It may also be possible to transmit two broadband 
channels simultaneously, but the penalties to be incurred in 
a One-way repeater, in terms of reduced power output, are 
still to be fully investigated. 


FREQUENCY CHANGING 

The use of travelling-wave tubes as frequency changers 
has already been dealt with in the technical literature’ and 
in certain cases it is of advantage to employ them in this 
duty. There are, however, two major difficulties. 

The drive required to operate a general purpose low 
power tube efficiently in this mode is of the order of 10 to 
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Fig. 8. (above). Non-demodulating, all t.w.t. repeater, fitted with 
a.g.c., and adapted for channel addition and extraction (one way only 
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Fig. 9. Application of a.g.c. to four tube repeater 


Furthermore the intermediate tubes are operated at approxi- 
mately 10dB below saturation power. 

A ‘ reflex ’ mode of operation, which combines the cheap- 
ness of the three tube repeater with the high gain of the 
four tube repeater, is made possible by virtue of the very 
large bandwidth of travelling-wave tubes. Here (Fig. 10) 
the signal makes two or more transits through the same 
tube, and its frequency is changed after each transit except 
the last one. Intermodulation effects are, of course, liable 
to occur at certain power levels and the correct choice of 
tube power-handling capacity must be made, if these effects 
are to be maintained at an acceptably low value. Recent 
tests with 600 channel noise loading have indicated that the 
intermodulation level in a three tube reflex repeater is no 
higher than in the corresponding four tube repeater. 

The above measurements indicate that a one-way t.w.t. 
repeater may well be used in certain circumstances as a 
two-way repeater, as indicated in Fig. 11. The potentialities 
of this arrangement have not been fully investigated yet 
but it seems that, provided the level of one of the signals 
is about 20dB lower than the level of the other, the inter- 
modulation noise is not detectable. One possible applica- 
tion of this system is for the transmission of supervisory 
information and/or a small number of telephone channels 
along a normally unidirectional link, such as may be used 
for the relaying of television only. 
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15V, in a capacitive impedance of about 30 to 40pF. As 
long as the bandwidth of the drive circuit is not required to 
be large, i.e. when the local oscillator has a fixed frequency, 
there are no great difficulties in providing the requisite 
drive, and the saving of a special microwave mixer is then 
worthwhile. If, however, the bandwidth must be large, as in 
the case of the channel insertion mixers, then it is more 
economical to provide a separate diode mixer, which 
requires a drive of only about 1V r.m.s. 

Another objection to the use of a travelling-wave tube 
as a mixer results from the reduction in the saturation power 
by about 6dB. 

If a.g.c. is to be applied to a tube operated as a mixer, it 
follows that the control range is reduced by about 6dB. 
This would be acceptable in a four tube repeater, but not 
in a three tube repeater. 


Norse FIGURE AND INPUT IMPEDANCE OF REPEATER 


At the present stage of microwave mixer technique the 
low noise tube has a noise factor advantage of 4 to 6dB 
over the best silicon wide band mixer available. This is a 
considerable difference and the resulting advantages for the 
t.w.t. system are an increased reliability and protection 
against fading and a Yeduction in the cost of ancillary 
equipment such as aerials, towers and feeders, for a given 
overall performance .A further advantage derives from the 
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fact that the return loss at the input of a low noise travel- 
ling-wave tube may be made to exceed 30dB over a band- 
width of 50 to 100Mc/s, given a correct transducer design. 
While silicon diode mixers have been made with an input 
return loss exceeding 26dB over bandwidths of the order of 
20Mc/s, the performance is subject to appreciable degrada- 
tion in service and invariably with change of diodes 
The readjustment of the mixer, after a change of diode, 
is not an operation which can be satisfactorily carried out 
in the field. When isolators are used, the cost of the mixer 
unit is increased and the noise factor degraded by up to 
1dB. 
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using bar magnets and a uniform field presents no 
difficulties. 

A permanent magnet periodic field system has the great 
advantage over a uniform field system in that the stray 
field is extremely small and the internal field is conse- 
quently very insensitive to the proximity of ferrous materials. 
On the other hand, and more particularly at the higher 
microwave frequencies where the diameter of the helix 
becomes smaller, the tolerances on the uniformity of the 
individual ring magnets become more difficult to meet. 

Experiments performed in this laboratory on the type 
N1001 tube have indicated that, provided the field at the 
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Fig. 10. (above). Non-demodulating reflex repeater suitable for insert- 
ing and extracting channels and fitted with a.g.c. 
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wave tubes 


11. Measurement 


PERMANENT MAGNET FOCUSING 


The power consumption of travelling-wave tubes is quite 
modest. Discounting the output tube, which is normally a 
necessity in both if. and r.f. repeaters, the total power 
consumption of the additional tubes including cathode heat- 
ing is less than 30W. 

The focusing electromagnets, on the other hand, require 
a minimum of 100W each and great savings may be made 
in this direction, by substituting permanent magnets. 

Travelling-wave tubes may be focused with uniform fields 
or periodic fields’. The use of the latter has been confined 
so far to experimental equipment but medium and inter- 
mediate power tubes, featuring the former, are available 
commercially and have been incorporated in commercial 
equipment. 

Low noise tubes* may also be focused with permanent 
magnets, but the design of a suitable periodic structure, 
capable of giving adequate focusing with no degradation of 
noise figures, is not easy to achieve. A suitable arrangement 
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gun end of a travelling-wave tube is correctly shaped, 
extremely good focusing performance may be obtained with 
a periodic structure made up of Magnadur II ferrite mag 
nets and soft iron pole pieces. No difficulties were 
experienced with tolerances in the magnetization of the 
individual ring magnets, and a single adjustment was 
sufficient to obtain good focusing (1.e. better than 99 per cent 
transmission) when changing tubes 

Recently, experimental tubes featuring internal electro- 
static periodic focusing have also been made and one can 
have no doubt that advances in this and other fields will 
soon eliminate the need for bulk and expensive electro- 


magnets. 


Amplitude to Phase Conversion 

An important effect occurring in all electron devices, and 
particularly in present-day travelling-wave tubes operating 
near the power saturation limit, consists in a change of 
carrier phase corresponding to a change of carrier 
amplitude. 

For a typical medium power travelling-wave tube’, therate 
of change of carrier phase with amplitude is of the order of 
2:5°/dB at a level of 5W and 6°/dB at a level of 10W, 
always assuming that the helix potential is set at the value 
for which the tube maximum at the stated 
Output power 

This has two effects. The one is to give an 
change to the frequency response and the other to the group 
delay characteristic of the system 

The change in the frequency response ocurs in this way 
If it is assumed that the frequency modulated carrier applied 
to the t.w.t. has a small amount of incidental amplitude 
modulation, defined by a constant slope of xdB/Mec/s (1 
may be positive or negative), the t.w.t. will be phase modu- 
lated in synchronism with the frequency modulation signals 
For a sinusoidal modulation frequency f, and a peak 
carrier deviation Af, the effective peak phase deviation is 

Ao = x. Ad. Af . (7/180) (1) 


where Jé@ is the rate of a.m. to phase conversion degrees 
per decibel. 


gain is at a 


apparent 
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This phase deviation, which occurs at a rate fm is equiva- 

lent to an interfering frequency. deviation éf, given by: 
of = fmAXo 
ee ok er: a, ee (2) 

The ratio of interference df to the signal deviation Af, 

which is 

Of/Af = (2/180) . zAO fm .......... (3) 
is clearly only a function of the amplitude slope of the 
applied carrier, the rate of change of phase with amplitude 
of the travelling-wave tube and the modulation frequency. 
The actual frequency deviation Af is irrelevant. 

The resulting output video response is 
A, = 1 + (7/180) x . AO. fm 

When x is positive the video response rises at high 
modulation frequencies. It falls at high frequencies when 
x is negative. 

To gain some idea of the order of magnitudes involved, 
let us assume a typical value of x = *+0-1dB/Mc/s, Aé = 
2°5°/dB, and fm = 4Mc/s (1000 channel system). Under 
these circumstances, 

Ay = 1 + (7/180) x O11 x 25 x 4 
A, = 1 + 0-0175 (+0-15dB) 

Thus the video response may have a gain or a loss of 

up to 0-15dB at 4Mc/s 


In practice an amplitude slope x of 0-1dB/ Mc/s is con- 
siderably worse than may be fairly easily achieved, although 
One must take into account the effect of ageing and mis- 
alignment due to thermal drifts. 


It has been assumed, so far, that the frequency response 
of the circuits preceding the t.w.t.s has a constant slope. 
This again is not in general likely, and one must think in 
terms of an amplitude function A(f), with important higher 
order terms. 


If A = Ao + Ai(f — fo) + Aslf — fo + 
and the phase ¢ of the carrier is 


the rate of change of phase with amplitude is 

(do/dA) = girad/V 
The relationship between ¢; and the Aé@ used in equation 
(1) is 


Ad = (180/7) ieee 


Oo Oo 
(Aor. 5A) ~ ‘!99!*) so icp ec. GA/AD 
“Ao 
Aogi_ Aoi 
20 log e 20 log e 
The phase response ie from an amplitude response 
of the type given above is: 
= bo + Gil4o+ Alf —f.) + AXf—fo¥ + .-.J.... Y) 
If the carrier has a sinusoidal frequency deviation 
f — fo = Af sin pt 
the distortion caused by spurious phase modulation is: 
1/2 (do/dt) = (1/2n) [¢:A:1 Sf . pcos pt + 
26:42: Afpsin ptcospt + ...J] .... (11) 


and the spurious relative frequency deviations at the funda- 
mental and second harmonic frequencies are consequently : 


(Ai/ Af) = $1Ai fm (12) 


6 = (180/7) 
20 log — 


Aé@ = (180/7) . . (60/85A) ~ (180/ 7) 
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(H2/ Af) = g:A2 Af fm where fa = (p/2z) .... (13) 
Again one may here express the coefficients A, A: etc. in 
terms of slopes as above. 


If x and y are the slopes of the amplitude response, in 
terms of the first order (linear) and second order (parabolic) 
variations expressed in dB/Mc/s and dB/ Mc/s*, then 


20 log to : 


_ 20 log (1 + (8A / Ao)) 
of 


20 log e 5A [df 


_ 20 log(| + (6A / A.) 


therefore 
Ao 
* 20 log e 
er ee (16) 
20 log e Ao 
a O° ‘Giese y » ke = Be 
(7/360) AO. y. Af.fm...... (17) 
Assuming that the response curve is an exact parabola 
and that it falls by 1dB, below the mid-frequency response, 
at the edges of a 20Mc/s bandwidth, the value of y is 
10-*dB/Mc/s*. For the parameters assumed above, and 
Af ~ 1-8Mc/s, one would expect 
H2/Af = (7/360) x 2:5 x 10-? 
H2/Af = 1-57 . 10-° (—56dB) 
An alternative way of expressing the distortion created 
by a.m. to p.m. conversion is to regard is as causing a 
change in group delay. This quantity may be expressed as 
do/dw = (0¢/8w) + (8¢/2A) . (dA/ dw) (18) 
It has been seen already that 


A,/Af = (x /180) 22 


+ 2. 


H:/ Af = (7/180) - 


x 18x 4 


Aé 


(a6/2A) = o1(x/ 180) oe 


(dA /dw) = (1/22) (dA/df) = (1/27) (41 +2A2Af +... 
= 12-5 ws x 4 en y. Af + 
20 loge © 20 loge ° 
Therefore 
(do/dw) = 


(0/ dw) +(A6/ 360) (x+yAf+ . . 10 muyusec. 


The constant slope x in the amplitude response results in 
a fixed increase of group delay A@x/0-360, while a para- 
bolic shape defined by y results in a skewness in the group 
delay characteristic of slope A@ . y/0-360. 

If x = 0-1dB/Mc/s, y = 0-01dB/ Mc/s? and A@ = 2°5°/ 
dB, then the fixed increase in group delay is 


0:25/0-36 = 0-7musec 


and the slope of the characteristic 
0-01 x 2-5 
&6/du*® = 0360 


The figures for second harmonic distortion and skewness 


= 0-07musec/ Mc/s. 
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of group delay appear to be consistent with one another and 
they both indicate that the resulting intermodulation dis- 
tortion in a 1 000 channel system would be just tolerable. 

Tests taken on an all t.w.t. repeater loaded with a 600 
channel noise signal have shown that the equivalent noise 
power ratio is practically independent of the output power 
of the repeater, over a range of + 3dB to — 10dB relative to 
saturation power. 

The direct measurement of a.m. to p.m. conversion, in a 
travelling wave tube, is a difficult operation even if the 
relatively simple method indicated in Ref. 3 is used. Unless 
a very high degree of accuracy in the measurement of rela- 
tive levels can be obtained, this method gives unreliable 
results. 
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Fig. 12tb). Overall group delay characteristic at various input levels to 
the travelling wave tube 


An alternative method consists in measuring the group 
delay of a transmission system, including a travelling-wave 
tube and a phase equalized narrow band circuit, arranged 
as shown in Fig. 11. The results of some early measure- 
ments, which are given in Figs. 12(a) and 12(b), illustrate 
vividly the change in group delay characteristic, with mag- 
nitude of drive to the travelling wave tube 

There are, of course, several ways of minimizing the 
effects of a.m. to p.m. conversion. The amount and the 
phase of the a.m. is not, in general, the same from hop to 
hop, since it is generated within each repeater by the slight 
misalignments which are bound to occur throughout the 
working life of the component. It is therefore to be expected 
that there will tend to be a smoothing out, or cancellation, 
of the a.m. to p.m. effects from one hop to the next. The 
major distortion occurs at high frequency and it is possible 
to insert automatically controlled amplitude and group 
delay equalizers, at selected points, to give the necessary 
correction. 

However, it is preferable, for the sake of simplicity, to 
operate all tubes 5 to 10dB below their saturation level, 
when an order of magnitude reduction in a.m. to p.m. 
conversion may be gained. This mode of working may be 
arranged fairly readily with the low noise and intermediate 
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tube, although even with the latter, it may be necessary to 
strike a compromise with the a.g.c. requirements. It is not 
in general practicable to operate the power tube as much 
as 10dB below saturation level and other palliatives have 
to be resorted to in this case. 

One of these consists in amplifying and feeding back 
to the helix in the appropriate phase, the a.m. ripple exist- 
ing at the output of the travelling-wave tube. This produces 
an opposing phase modulation which may be made to 
cancel out the internally generated one. The gain required 
in the feedback amplifier is quite low (of the order of 20 to 
25dB), as the phase sensitivity of the helix in a medium 
power tube is of the order of 2°/V. At this value of gain, 
the feedback amplifier is capable of providing a very wide 
bandwidth without any difficulty, and a reduction in the 
level of a.m. to p.m. conversion by an order of magnitude is 
quite feasible. Since the helix phase modulation sensitivity of 
the intermediate tube is up to five times higher than that of 
the output tube, the gair of the feedback amplifier can be 
reduced appreciably if the control voltage is applied earlier 
in the chain 

It is known that the slope of the phase versus amplitude 
curve in a travelling-wave tube changes sign beyond satura 
tion. It follows that some degree of cancellation may be 
obtained by operating the intermediate tube slightly above 
the saturation level and the power tube slightly below. Also, 
provided adequate gain has been made available, the power 
tube could well be operated slightly beyond saturation, 
where the phase modulation sensitivity falls to zero. The 
penalty in terms of power output, which is less than 1dB 
in this mode of operation, should be quite tolerable. 

Recently’ medium power travelling-wave tubes have 
been built with two helices of different pitches, placed end 
to end, within the same envelope. The saturation charac- 
teristic of a tube of this construction is much more gradual 
and the difference between low level and saturation gain is 
only 3dB, as against 7 to 8dB for a conventional tube with 
uniform helix. The linear gain range is therefore greatly 
extended and it is anticipated that a lower a.m. to p.m. con- 
version factor may thereby be achieved at a high power 
output. 


Group Delay Equalization 

Apart from the effect of compression within the tubes 
the other sources of group delay variations, in a non- 
demodulating repeater, are the microwave filters and the 
aerial feeders. 

The items peculiar to all t.w.t. repeaters are the micro 
wave filters, of which there are between four and six. These 
are normally adjusted on a swept reflection coefficient 
instrument, when a v.s.w.r. of under I1dB, over a band of 
+ 10Mc/s, and under 0-25dB over a central bandwidth of 
+ SMc/s, is readily obtained 

Because the bandwidth of microwave filters is a 
small proportion of the centre frequency, a maximally flat 
amplitude response allied to a symmetrical group delay 
response is generally. obtainable. The theoretical group delay 
responses of four and five cavity, maximally flat filters 
tuned to 2000Mc/s, are shown in Fig. 13. Measurements 
on actual filters, aligned on an impedance basis, show group 
delay variations approximately equal to the theoretical 
figures as indicated in Fig. 14. 


very 


13 and Fig. 14 
microwave tre 


Group delay curves such as those of Fig 
are equalized quite readily at if. or at 
quencies. It is preferable to equalize the delay of repeaters 
on an individual basis, and in the case of t.w.t. repeaters 
this should be done at radio frequencies. The advantage 
of radio frequency equalizers is that their thermal drift 
may be made to compensate for the thermal drift of the 
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filters and, because their group delay response is very 
symmetrical, they may be made to match the delay response 
of the filters quite accurately. 

A simple type of r.f. group delay equalizer consists of a 
3dB coupler terminated in a pair of cavity resonators at 
two of the conjugate arms, 2 and 3. It can be shown that 
the network between the other pair of conjugate arms, | 
and 4, behaves as an all pass quadripole, the phase charac- 
teristic of which is that of the terminating resonators. 

By adjusting the tuning and the coupling (loaded Q’s) of 
the resonators, a wide range of group delay responses may 
be obtained. A simple way of adjusting the loaded Q of 
the resonators, when these are of coaxial construction, is 
to interpose a variable quarter-wave transformer, made up 
of a rotatable strip line, between the resonators and the 
3dB coupler. 
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Fig. 13. Group delay of 4 and 5 cavity maximally flat filters adjusted for 
a return loss of under 26dB over a bandwidth of 20Mc/s 
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Fig. 14. Measured group delay of 3 travelling wave tubes and four 
unequalized microwave filters 


Discussion 

The topics discussed in the preceding paragraphs indicate 
that all-travelling-wave tube repeaters meet all the specific 
requirements of microwave link work, including the inter- 
modulation requirements of multi-channel telephone trans- 
mission, (at least 600 channels) and 625 line television. 
Further investigations are necessary in order to extend their 
transmission capabilities to 2000 channels and over. 

Travelling-wave tubes there must be in any case, whether 
one is thinking of if. or all-t.w.t. repeaters. Admittedly, 
improved microwave triodes are now available for use at 
frequencies up to 4000Mc/s, but they represent, at best, 
a difficult compromise and the microwave circuits which 
they require are complicated and expensive to manufac- 
ture. A typical example illustrating the use of these triodes 
is given in Ref. 10, where it is found necessary to use as 
many as three stages to provide an overall gain of 30dB 
with an output power of 1-5W. A single travelling-wave 
tube designed for link work provides 35 to 40dB gain, at 
an output power of 10W. Compared with i.f. repeaters, all- 
t.w.t. types score on the ground of simplicity, reliability and 
cost. 

If, now, one examines Figs. 2 and 4, and assuming that 
the output stage of an i.f. repeater is a travelling-wave tube, 
the following table can be prepared, in which a comparison 
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is made of the equipment (excluding some common items) 
involved in t.w.t. and i.f. repeaters: 

All T.W.T. Repeater 
Low noise tube 
Microwave filter 
Intermediate t.w.t. 
High level microwave mixer 
Crystal controlled v.h.f. local 
oscillator 


1.F. Repeater 
Low level microwave mixer 
Low level i.f. amplifier 
High level i.f. amplifier 
High level microwave mixer 
Crystal controlled v.h.f. local 
oscillator 
Microwave local oscillator 
High level microwave mixer 
Microwave filter 


It is clear from this table that, in the case of the basic 
non-demodulating repeater, the t.w.t. type involves less 
equipment, is considerably more economical in valves and, 
provided the t.w.t. focusing field is supplied by permanent 
magnets, is far more economical in power consumption. All 
these factors add up to a considerable increase in reliability 
in favour of the t.w.t. type, particularly when one realizes 
that the number of working valves in the actual signal path 
is so much smaller than in the if. type, and that the life 
of well-designed travelling-wave tubes is normally of the 
order of 10000 hours or more. 

The same conclusions may be derived by comparing 
Figs. 3 and 5. 

In addition to these features, the normal drift in the group 
delay characteristic of t.w.t. repeaters may be more easily 
compensated, since the equalization circuits are of the same 
nature and they operate at the same frequencies as the 
microwave filters. This is not-altogether the case with the 
i.f. repeaters. 

Finally, the very large bandwidth of the t.w.t. allows two- 
way working in a one-way repeater when one of the signals. 
because of its narrow bandwidth (supervisory or small 
number of telephone channels), need not be transmitted at 
the full carrier level. Further work holds the possibility of 
achieving two-way working on broad-band signals. 


Conclusion 


It has been shown that all t.w.t. repeaters are capable of 
meeting all the known requirements of long haul micro- 
wave links and that they are superior to the if. type in 
terms of simplicity and reliability. When travelling-wave 
tubes are specially designed for this application, this type 
of repeater should also be more economical in terms of 
initial outlay and running cost. 
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Links 


In the BBC 
Television Service 


By T. H. Bridgewater*, M.1.E.E. 


The following article discusses the applications of u.h.f. and s.h.f. radio links for television outside 
broadcast purposes. These links are used in large numbers and to ensure efficiency must be provided 
with specialized auxiliary and test equipment. There is particular reference to a new BBC-designed 


600M ¢ 


ADIO links are used by the BBC Television Service in 
connexion with television programmes whenever the 
equivalent circuit (whether cable or radio) facilities are 
unavailable from Post Office resources. They may be required 
for any or all of the following purposes, jointly or separately: 
(1) Carrying vision signals over some or all of the distance 
between the camera site and nearest convenient point of 
connexion with the national vision network. 

(2) Carrying sound signals over some or all of the distance 
between the microphone at the camera site and the nearest 
convenient point of connexion with the Post Office or BBC 
network. 

(3) Providing communication for controlling the vision o1 
sound when either or both of these are being conveyed by 
radio link. Such communication links would usually operate 
in both directions. 

(4) Various short-range applications to replace cables 
which otherwise would restrict the movement of equipment 
and personnel either in a studio or, more often, on the site of 
an outside broadcast. Examples would be: 

(a) Radio microphone. This is the case where the 
microphone is being worn or carried by, say, a com- 
mentator who requires freedom of movement without 
trailing a cable behind him. 

(b) The equivalent facility applied to a small hand-held 
television camera. 

(c) Communications—usually two-way—with each of the 
above, and also for sundry other local purposes, such as 
between the Stage Manager in a television studio and 
his producer in the adjacent control room. 


* The British Broadcasting Corporation 
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s f.m. link, the first of its kind to come into service. 


For applications of this kind the range would be meas- 


ured in hundreds of yards rather than miles. 


Types of Link 

Many types of radio link are in use for these various 
purposes with frequencies in the v.h.f., u.h.f. and s.h.f. ranges 
Power outputs vary but are usually of the order of a few 
watts, with a reliance on aerial gain to increase the e.r.p 
whenever necessary. 


VISION LINKS 
It is simplest to discuss these by frequency ranges. 


S.H.F 

The greatest number of links falls into this category. The 
principal frequencies at present in use are in the range 
4 400 to 4 800Mc/s approximately. These allocations are not 
permanent and later it will be necessary to move to the 
officially assigned region of 7 050 to 7 300Mc/s. Two main 
types of equipment are in regular use, viz.: E.M.I., types 
ML6A, ML6B, ML6C (Fig. 1) and the S.T. & C. type. 

These are lightweight portable transmitters and receivers 
and the aerial system uses paraboloids 4ft in diameter having 
a beamwidth of -+ 23° to the half-power points. These aerials 
are fitted on panning heads which, in turn, are carried on 
substantial metal tripods. The aerials can be traversed 
through 360° and accurately orientated to within 4 The 
gain of each reflector with respect to an isotropic aerial is 
33dB. The equipments are divided into separate units for 
accessibility, ease of handling and convenience of transport 
In the case of the E.M.I. ML6A and ML6B equipments, the 
head units are mounted in front of the paraboloid, but both 
the new ML6C and existing S.T. & C. equipments have head 
units mounted on the rear of the paraboloid. The transmitter 
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head units containing the oscillator and modulator are con- 
nected to the control and power supply units by means of 
multi-core cable up to 200ft in length. The receiver head 
unit, containing the s.h.f. local oscillator, mixer and icf. 
pre-amplifier, is similarly arranged and the output from the 
i.f. pre-amplifier is brought down in a coaxial cable built into 
the multi-core cable, which connects with the receiver control, 
discriminator and power supply units. The intermediate 
frequency used in the ML6A and ML6B equipments is 
115Mc/s, in the ML6C is 120Mc/s and in the S.T. & C. 
equipment it may be 30 or 60Mc/s. 

The performance of these equipments complies with the 
BBC’s minimum specification and, in particular, with 
respect to: 

(a) H.F. response which, with reference to 10kc/s, falls 

within 0-2dB up to IMc/s and 0-5dB between 
IMc/s and 3-5Mc/s. 


Fig. 1. E.M.1. ML6C equipment 
(b) Signal-to-noise ratio which, expressed as 
D.A.P. Signal 
R.M.S. Noise 
is not less than 58dB over a free-space transmission 
path of 40 miles 


20 log 


Group delays and differential phase characteristics 
which allow the satisfactory transmission of N.T.S.C. 
colour waveform (as modified to the British standard) 
even when as many as four links are connected in 
tandem. 

A third type of s.h.f. equipment may be mentioned which, 


Fig. 2. 
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although not used in large quantities, nevertheless performs 
the important function along with two u.h.f. channels 
referred to later, of conveying Eurovision programmes in 
either direction across the English Channel. Eventually this 
service will be the responsibility of the Post Office (with 
different equipment and location) but since 1954 the BBC and 
R.T.F. (Radiodiffusion-Télévision Francaise) have been 
responsible for the cross-Channel circuit which 
operates between Swingate (near Dover) and Cassel (Nord) 

a distance of 56 miles. 

This equipment, operating on a frequency of 3 750Mc/s, 
was installed by the French firm of Télécommunications 
Radioélectriques et Téléphoniques on behalf of Radio- 
diffusion-Télévision Francaise. A 3-metre paraboloid and 
launching unit, mounted at the S5Oft level, is connected to the 
ground equipment via a length of waveguide. The transmitter 
uses a type CZ klystron with an output power of 10OW. The 
receiver, local oscillator, mixer and i.f. pre-amplifier operate 
in a similar fashion to that on the ML6C and S.T. & C. 
television o.b. equipment. 


U.H.F. 

This is a comparatively new field but one of great value for 
several purposes. Two main frequency bands are being used 
for television links, viz.: 522Mc/s to 660 Mc's (Band V) 
and | 700Mc/s to 2 300Mc/s. For the former band, an f.m. 
link has recently been specially designed by the BBC'. This 
has superseded the use of v.h.f. which is largely having to 
be surrendered to broadcasting purposes. The advantages 
of lower frequencies such as these, as compared with s.h.f., 
are: 

Lighter and simpler aerials, with greater beam-width 
Less serious fading on difficult paths. 

This link is used mainly for portable outside broadcast 
purposes but also for certain fixed links such as Isle of Man 
Belfast as well as forming another channel between Swingate 
and Cassel (Eurovision), in which latter case special aerial 
systems are employed. 

A schematic of the transmitter, which employs frequency 
modulation, is shown in Fig. 2. This consists of three units: 
the modulator, frequency changer and u.h-f. stages 

The video input signal of about 1 V d.a.p. can be connected 
either directly to an amplifier which precedes the modulator 
or through a black level clamp. The output from the amplifier 
is d.c.-restored in order to restrict the overall peak-to-peak 
voltage change of the video signal with picture content, and is 
used to control the reactance value of a frequency modulated 
phase-shift oscillator. The frequency modulated output 
signal with a centre frequency of about 60Mc/s has a deviation 


Schematic of B.B.C. U.H.F. transmitter 





CRYSTAL 
OSCILLATOR 














POWER 


AMPLIFIER | AMPLIFIER 





























STAGES 


FREQUENCY CHANGER 


MODULATOR 


ELECTRONIC ENGINEERING 292 





of 2Mc/s between the bottom of the synchronizing pulses and 
peak white at a level of ImW. 


The second unit incorporates the drive which is derived 
from an oscillator employing an overtone crystal operating 
at about 75Mc/s. After doubling this frequency, the output 
is fed into a valve mixer stage at a level of about 50mW 
together with the f.m. signal from the modulator after a single 
stage of amplification. The upper sideband of the mixer 
output is selected and the level raised to about 4W in an 
amplifier having a sensibly flat response over a 6Mc/s band in 
the range of 200 to 230Mc/s depending upon the channel in 
use. At this point the deviation is still 2Mc/s. 


The third unit comprises two u.h.f. stages, which use planar 
triodes of the inverted lighthouse type in grounded grid 
circuits. The valves operate in coaxial cavities which are 
silver-plated in order to obtain a high Q. They are cooled 
by an air blast. The first stage multiplies the frequency by a 
factor of three with a power gain of unity, to drive the final 
which operates as a class-C amplifier and gives an output of 


ee ee dal ee ee ee ee ee 


i.f. signal, this cable carries power, signalling, metering and 
telephone circuits. The limiter-discriminator following the 
i.f. amplifier delivers a 1V peak-to-peak video signal into a 
7522 load. These two units are exactly the same as those 
employed in 4000Mc/s microwave o.b. link equipment 
currently in service and are commercially available. 

The units which comprise the transmitter and receiver are 
mounted in portable cases. The weight of each individual 
unit has been kept to a minimum and electronic smoothing is 
used in the power supplies to reduce their bulk. 
2000Mc/s U.H.F. Equipment 

This forms another cross-channel link between Swingate 
and Cassel and uses G.E.C. u.h.f. main line television link 
equipment with the addition of a travelling-wave amplifier 
which raises the nominal power output from 2 to 20W. A 
transmitter and two receivers are installed at each terminal. 
Three separate paraboloid aerials are used: the first, 8ft in 
diameter, located at SOft, the second, 12ft in diameter at 
approximately 90ft and the third, 12ft in diameter at 200ft. 
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HEAD UNIT 
Fig. 3. 


about 17W into the feeder and aerial system. After tripling, 
the deviation is 6Mc/s in the band 620 to 680Mc/s with an 
overall 3dB bandwidth of about 12Mc/s. 


A monitor, which will operate at either v.h.f. or u.h.f., 
gives a video signal from the modulator or transmitter output 
respectively, enabling the operator to check the signal. 

A flexible feeder, which has an impedance of 5002 and a 
loss of about 3dB/100ft, is used to connect the transmitter 
output to the aerial. Two types of aerial have been developed, 
a corner reflector, having a half-power beamwidth of 30 
and a six-element Yagi aerial with about the same beam- 
width. The gain of both is about 9dB relative to a dipole. 
Horizontal polarization is normally employed. 

For permanent receiving installations a higher gain corner 
reflector has been developed. This has a measured gain of 
12dB. 

Fig. 3 shows a schematic of the receiver which also consists 
of three units: the head, i.f. amplifier and demodulator. 

In order to keep the receiving aerial feeder as short as 
possible to reduce losses the head unit is built into a weather- 
proof box so that it can be mounted as close to the aerial as 
practical. This unit contains input band-pass filters, u.h.f. 
local oscillator, crystal mixer and pre-if. amplifier. Either a 
30 or 60Mc/s i.f. can be used depending on local site con- 
ditions. The local oscillator uses a planar triode in a quarter- 
wavelength coaxial cavity and it has been designed to keep 
frequency drift within the limits needed by the main receiver. 
The receiver noise figure is 14dB. 

A multi-core cable connects the head unit to the main if. 
amplifier. As well as the incoming frequency modulated 
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DEMODULATOR 
U.H.F. receiver 

The aerials are illuminated by a short section of waveguide 
at the focal point and are connected to the ground equipment 
by means of helical membrane aluminium sheathed coaxial 
cables. It is possible to connect either transmitter or receiver 
to any of these aerials. Normally, when the transmission 
circuit is incoming from Cassel both receivers are connected to 
the first and second aerials; the distance between these repre- 
senting the correct diversity spacing for an improvement in the 
signal-to-noise during fading conditions. For the outgoing 
circuit to Cassel, the transmitter is usually connected to the 
middle aerial. The upper aerial is mainly used in the summer 
time and during long spells of hot weather, when conditions 
of super-refraction reduce the usefulness of the lower 
systems. This link is mainly used to transmit from the 
British standard 405 lines to the Continental 625 lines, a con- 
version which is now carried out at Swingate; this 625 line 
picture is distributed to most Western European television 
networks except France. A return circuit using similar 
equipment is provided from Cassel so that simultaneous 
transmission may take place if required. 


COMMUNICATIONS 
These fall broadly into long-range and short-range. 


Long-range 

Such links are mainly used for ensuring parallel com 
munication between the two ends of a cross-country vision 
link. Principal equipments in use are:—Mullard, type 
GFE 506 and G.E.C. type BRT 143/163. 

Both these equipments use f.m. and have an output power 
of about 12W. Simple unipole aerials are generally used. 
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The mode of operation is normally two-way simplex. There 
is a shortage of frequencies for these links, which are dis- 
tributed over Band I and Band II. Both Bands of course 
are also used for vision or sound broadcasting so frequencies 
have to be carefully chosen according to locality. 

Because of the congestion in the v.h.f. range, the BBC is 
experimenting with communication links operating at u.h.f. 
within the band 660 to 665Mc/s. These will require optical 
transmission paths and far more care with aerial installations, 
but in the long run may well prove the best solution to the 
problem. It is also intended that these equipments should be 
used for programme links (sound) when required. These 
links are being built by Mullard to a strict sp2cification 
which, among other things, calls for the r.m.s. signal/r.m.s. 
noise ratio to be 50dB when measured over a thirty-mile 
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Special and Auxiliary Equipment 

Apart from the essential transmitters and receivers, a good 
deal of additional equipment is necessary to ensure that 
portable radio links can be got working in a speedy and 
efficient manner. Among the more important items are the 
following. 


MAST-HEAD RECEIVERS 

It is frequently convenient to exploit the great height of the 
masts of many of the television broadcast transmitters as 
reception points for television radio links, particularly at 
those stations provided with a permanent connexion back 
into the network. The advantage of, say, a 600ft aerial 
height for an s.h.f. link requiring an optical path will be 
easily understood. A probability contour showing the s.h.f. 
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Fig. 4. Range contour. S.H.F. transmitter working into mast-head receiver at Sutton Coldfield 


path with propagation conditions corresponding to ‘free 
space’. 
Short-range (vision or sound) 

A variety of miniature equipments are used as the control 
link associated with radio microphones, radio cameras, etc. 
For the most part, such links are either BBC ‘home-made’ or 
are made up from an assortment of commercial units. F.M. 
is usually employed and, as for the long-range links, the 
frequencies will fall in either Band I or Band II. Transmitter 
output power would usually be only a few watts or less. 


SOUND PROGRAMME 

The need for links to carry the sound component of a 
television programme arises much less frequently than in the 
case of the vision, but transmissions from cars, ships, aero- 
planes, etc., call for high-quality radio circuits for which 
special equipment must be held. The problem is very similar 
to that of the communication links: the same wavebands are 
used and largely the same type of equipment, though modified 
to ensure a higher quality performance. 
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transmitter boundary for a single hop into the Sutton 
Coldfield s.h.f. receiver is shown in Fig. 4. It would, however, 
be next to impossible to hoist and install 4ft paraboloids and 
head units on every separate occasion and so it has been 
found worthwhile to install permanent s.h.f. mast-top 
receivers at some dozen of the BBC transmitting stations. 

The problems of ensuring the reliability of such equipment 
all the year round have called for meticulous design and 
experiment, but the latest version produced to BBC specifica- 
tion is proving eminently satisfactory. It consists of: (1) two 
4ft paraboloids remotely controlled (2) a waveguide change- 
over switch enclosure, and (3) a receiver cubicle, all mounted 
at high level on the mast. 

The paraboloids and slewing units are mounted on a 
platform which forms part of the mast structure. These 
platforms are fitted on opposite faces of a rectangular mast 
and adjacent corners on a triangular mast. Each paraboloid 
is mounted on a specially designed slewing unit and the whole 
assembly is produced to stand the hazards of weather and 
wind loading in exposed places. Radial heater elements are 
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incorporated in each slewing unit assembly to prevent ice 
building up on the turntable. It is possible to traverse each 
aerial through 270° by remote control from the ground and 
accurately orientate this to within + 4° of any desired setting; 
the actual azimuthal position is registered by a magslip 
indicator on the remote control panel at ground level. 

Each aerial is connected to the waveguide switch and 
receiver cubicle by a length of waveguide and a short flexible 
cable. This cable introduces a loss of 0-5dB at about 
4 500Mc/s, but enables the paraboloid to be traversed 
without the complication of waveguide rotating joints. 

The waveguide run from each paraboloid terminates on a 
two-pole waveguide changeover switch which is installed at 
a convenient place on the mast and the operation of which is 
remotely controlled. Both outlets from this switch are con- 
nected again through a very short length of guide to the s.h.f. 
receiver cubicle in which two complete local oscillator, mixer 
and i.f. pre-amplifiers are fitted. The tuning cavities of the 
local oscillators are motorized and a magslip transmission 
system is used to indicate the position of the tuning from the 
control point. The outputs from the pre-amplifiers (which 
are centred at 30 or 60Mc/s) are connected to the main if. 
amplifiers and discriminators situated at ground level, 
through a length of coaxial cable. The i.f. pass-band is 
20Mc/s and as the equipments are operating in the strong 
field of the main television transmitter special precautions are 
necessary and much care has been taken in the design of 
filters in all the supply leads, screening, etc. The system, as 
designed, permits two complete and independent receiver 
chains to be operated simultaneously or either chain may be 
switched and held as reserve for the other. 


A feature of this equipment is that each unit in the receiver 
cubicle may be removed and replaced by a spare, should a 
fault develop. Full metering and supervisory circuits are also 


included and care has been taken to select valves and 
components which should have an exceptionally long life. 


PORTABLE MASTS AND TOWERS 

Where permanent masts or other convenient high points 
are not available—and this will be the case more often than 
not—recourse must be made to suitable means of achieving 
adequate aerial height at both the transmitting and receiving 
end of a link. High buildings, water towers, hill tops, etc., 
are often used for this purpose. Of course, they are not 
always conveniently to hand and even if they are a great deal 
of time and effort may be needed in both securing the 
necesary permissions and then raising and installing the 
equipment. It has therefore been found indispensable to 
develop portable telescopic masts and towers which can 
rapidly elevate an aerial or paraboloid to clear local houses, 
trees or other obstructions. The BBC uses two main types of 
such apparatus, namely :— 

(a) an extensible mast, built like a fire-escape ladder; 

(b) a telescopic tower. 

The former, manufactured by Merryweather Ltd is 
mounted on a vehicle which also embodies a cabin that 
houses the radio equipment. The mast can be raised by 
engine power in a few minutes to a height of over 100ft. Guys 
are not essential in fair weather and this is an important point 
since the mast may often be installed on hard ground into 
which stakes could not be driven. This type of mast is, how- 
ever, liable to twist and sway very slightly in the wind and this 
feature renders it unsuitable for s.h.f. paraboloids whose 
beam width is only a few degrees. It is therefore used for 
v.h.f. and u.h.f. aerials and for such applications is extremely 
effective. 


Rapio LINK VEHICLE 


Since most of the radio links used in the BBC are 
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temporary and being continually moved from place to place, 
mobility and efficiency are of the greatest importance and the 
mobile masts referred to above have, of course, been designed 
to such ends. Another contribution has been the careful 
development of a special radio link vehicle (see illustration 
on page 291). This vehicle is in effect a mobile cabin which 
both transports the equipment and then provides an ‘opera- 
tions centre’ on site. Apart from aerials, paraboloids, etc., 
the link equipment can remain inside the vehicle and so the 
amount of local installation work is reduced to an absolute 
minimum. For those occasions where, for one reason or 
another, it may be impracticable to operate from the vehicle 
itself—for example, when the equipment is required on board 
ship—all. units can readily be detached, carried from the 
vehicle and reinstalled elsewhere. All the technical equipment 
is accommodated in transit cases where possible and located 
on resiliently mounted shock-proof trays. The ancillary 
equipment associated with the radio terminal repeater 
station, such as paraboloids, panning heads, tripods, cables, 
cable drums, rigging tackle, etc., are carried in compartments 
or lockers which give access to these items from within or 
outside the vehicle as circumstances require. The roof 
platform will support a load consisting of two 4ft paraboloids, 
tripods and panning heads; special clamps are fitted in the 
appropriate positions to fasten the tripods to the roof. 
Stabilizing jacks are provided which allow the chassis of the 
vehicle to be supported firmly above the springs. 

The essential transmitter and receiver equipment, together 
with test signal generator, picture monitor, distribution 
amplifier, jackfields, radio/telephone communication equip- 
ment and so forth, are arranged so that these are within 
easy reach and view of the operator. 

The same vehicle can be used for a transmitting point, 
receiving point, or as an intermediate repeater. As the 
vehicles may have to spend long periods in exposed places 
under adverse weather conditions, the needs and comforts 
of the operating staff have been a fundamental consideration 
in planning the layout and facilities. Adequate heating and 
ventilation systems are installed and a water supply for 
domestic purposes is included. 

Towing attachments at the rear of the chassis enable a 
trailer-mounted diesel generator to be coupled up if required. 


MosiLe Power UNITS 

Radio links are often set up in remote places where mains 
power is unavailable, and so the BBC has equipped itself with 
a number of mobile power units. These are diesel-alternators, 
manufactured by Auto-Diesels Ltd, and mounted on a 
trailer for towing behind the radio link vehicle. 


TRANSMISSION MONITOR 

The need frequently arises, especially under fault conditions, 
to check that the modulated s.h.f. picture signal is being trans- 
mitted satisfactorily. Occasions arise when some doubt exists 
as to whether the fault lies in the transmitter equipment or the 
receiver equipment, and therefore a transmission monitor has 
been specially developed. It receives a small portion of the 
microwave signal, demodulates it and supplies a video output 
which can be adjusted to the standard 1V peak-to-peak level 
The unit consists of a small tunable cavity which is clamped to 
the face of the paraboloid: a silicon crystal is coupled to the 
cavity to demodulate the signal which is passed to the control 
unit at ground level by means of a length of coaxial cable 
The frequency of the cavity is de-tuned to a value which is 
0-707 of the transmitted carrier frequency so that it acts as a 
simple frequency modulated discriminator. 

The unit is enclosed in a weatherproofed cast box; for the 
newer portable link equipment provision is made on the 
paraboloid mounting to locate this head unit in the optimum 
position. 
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S.H.F. Pato SIMULATORS 

Because of the high aerial gain in an s.h.f. system, the 
testing of the overall transmission characteristic of the link 
presents considerable difficulty. If tests between transmitter 
and receiver were carried out within a building, reflections 
from adjacent walls and objects would produce most 
erroneous and peculiar results. In order to overcome these 
difficulties, a device which is now called a ‘path simulator’ was 
developed and this permits a complete link to be tested at base 
under conditions simulating path lengths of up to forty miles. 
This consists of waveguide matching stubs to which the head 
units are attached and correctly terminated, together with 
waveguide-to-coaxial transformers which enable a finite 
length of coaxial cable to connect the output from the trans- 
mitter head unit through a suitable variable attenuator 
system to the receiver head unit. The loss introduced into the 
system by means of the path simulator has been calibrated to 
provide identical conditions to those when using the link 
with 4ft paraboloids between fixed points varying from five to 
sixty miles in length. Full-scale tests can thus be made and 
overall checks of the equipment carried out without the need 
to check the equipment over an actual path. 


Coverage and Exploitation 

Radio links play an important and essential part in the 
organization for bringing television and sound from points 
remote from the permanent contribution network. If 
necessary, by using a sufficient quantity of links in tandem, 
pictures could be collected from almost any point in the 
British Isles. The use of two or three links in tandem is 
quite common practice. Four and five together are by no 
means unknown and such a number would suffice to reach 
most parts. 

In 1957 nearly 1000 vision links were established for 
actual broadcasts, either singly or as part of longer chains, 
while additional equipment now coming into service will 
probably increase the number in the present year. This does 
not take into account the almost daily use of certain point- 
to-point links being provisionally operated by the BBC 
pending replacement by a Post Office service; examples 
being the Anglo-French link, Isle of Man-Belfast, Glasgow- 
Kirk o’Shotts. 


SPECIAL PROBLEMS 

The ordinary run of cross-country radio link presents 
chiefly the problem of achieving a line-of-sight path; pro- 
vided this is secured, together with adequate Fresnel zone 
clearance, satisfactory circuits can usually be established, up 
to some fifty miles per ‘hop’. More difficult conditions do, 
however, present themselves in cases of transmission across 
water and transmission from moving sources (e.g., ships, 
cars, aeroplanes, etc.). 


Transmission Across Water 

For reasons that are well known, transmission paths over 
water on u.h.f. and s.h.f. links are liable to fade in certain 
circumstances. Such paths are often encountered as a result 
of the many estuaries and islands around the British Isles, and 
so when links have to be established over more than a mile or 
two of water it is usually desirable to take special precautions 
to alleviate fading. The usual remedies, adopted either 
singly or in combination, are:— 


(a) To use as low a frequency as possible. For example, a 
u.h.f. link on 659Mc/s would be safer than an s.h.f. 
link on 4 500Mc/s. 

(b) To use space-diversity reception by installing two 
receivers at different levels. 


(c) To ensure a signal strength high enough to allow a 
reasonable fading margin. 
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(d) To use frequency diversity by setting up duplicate 
links widely spaced in frequency. 


(e) To take special care in the siting of the transmitting and 
receiving aerials in relation to local topography, and 
particularly to avoid reflection from the water by 
arranging for the reflection point to fall on land. (This 
technique has been used with success on the cross- 
Channel Eurovision circuit and between Snaefell (Isle 
Man) and Divis (Northern Ireland). 


Transmission from Moving Sources 


The basic problem in the case of moving sources is that of 
keeping the transmitting and receiving aerials in line with one 
another. In extreme cases the use of omni-directional aerials 
can provide the answer, but usually there is insufficient power 
to permit this, or to permit it at both ends of a link, and so it 
becomes necessary to arrange that, by one means or another, 
the two aerials are continuously adjusted to the correct 
bearing. Even when automatic devices are incorporated such 
adjustments are seldom precise enough to fall within the few 
degrees tolerance of an s.h.f. link: one therefore welcomes the 
wider beamwidth—25°—of the 659Mc/s u.h.f. link for cases 
of this kind. 

Other problems may be associated with moving sources, 
depending on their nature. Submarines, aeroplanes and 
helicopters present special difficulties. The ‘Roving Eye’ (in 
essence a large car carrying a camera, microphone and 
transmitters) may want to transmit pictures while driving 
round built-up areas and so brings one up against non-optical 
or quasi-optical paths; there is no complete answer to this, 
but the use of v.h.f. (200Mc/s approximately) rather than 
u.h.f. does give a noticeable measure of diffraction round 
minor obstacles that would otherwise form complete 
obstructions. 


Future Developments 

The BBC now has a considerable investment in portable 
radio links and has equipped itself with a wide range of 
vision and sound apparatus to cater for most of the foresee- 
able needs of television during, say, the next five years. What 
the more distant future holds in store is, of course, uncertain, 
but it is likely that frequency allocations will come under 
review from time to time in relation to the needs of other 
users. The general trend is always towards higher frequencies, 
and this may bring certain new problems, though it is hoped 
gradually enough to permit the necessary progressive 
adjustment of technique. 

Whether tropospheric-scatter propagation and associated 
equipment will develop sufficiently to enter the field of 
portable or temporary television links seems very dubious at 
the present time. The potentialities, however, are most 
attractive if thereby one could span, say, 300 miles in one 
‘hop’. It is possible to map a route between the United 
Kingdom and North America—via Faroes, Iceland and 
Greenland—over which none of the sea paths need exceed 
300 miles. Thus the range of television coverage might be 
enormously enlarged and the opposite shores of the Atlantic 
come within television ‘range’. 
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Broadband Microwave Systems Employing 
U.H.F. Triodes 


By G. W. S. Griffith*, A.M.I.E.E. and B. Wilson*, M.B.E. 


The arguments developed in this article indicate that it is more economical and more convenient 
to arrange for the modulation, demodulation, and as much of the amplification as possible in a 
microwave system to be carried out at an intermediate frequency. 


Further, in the 1700 to 2300Mc/s band, microwave triodes are the most satisfactory 
means of providing amplification, and have been used in conjunction with coaxial transmission 
lines to produce a very compact and simple equipment using low voltages. 
The system described is based on these techniques, and satisfies the performance recommenda- 
tions of C.C1.R. for the long haul transmission of 240 telephony channels, or television signals, 
with an adequate margin for contingencies 


LTHOUGH investigations into the use of microwave 

systems for communication services were started in the 
late 1930's, it was not until after the war that they were 
extensively used for public services. Many companies on 
both sides of the Atlantic were developing this type of 
equipment with the result that different techniques and 
Operating frequencies were employed. 

In 1947 an experimental link was set up between New York 
and Boston operating at 4000Mc/s. Early American 
experiments made use of velocity modulated valves, but these 
were later abandoned in favour of specially designed triodes?. 


The first microwave system in the United Kingdom went 
into service in December, 1949 to carry 405 line television 
signals at 900Mc/s between London and Birmingham?. This 
used a range of triodes developed during the war. 


A further system for operation at 4 000Mc/s was developed 
using travelling-wave tubes, the first of these being installed 
in March, 1952 to carry television signals between Manchester 
and Edinburgh*. Since then many systems have been 
installed using the various methods of operation, and it is 
of interest to note that in 1954 when several of the European 
countries combined in ‘Eurovision’ for the exchange of 
television programmes, triode systems on 2 000Mc/s were 
used in Switzerland, Germany and the South of England, 
while travelling wave tubes on 4000Mc/s were used in 
France and the North of England. Directly modulated 
klystrons on 4 000Mc/s and 6 000Mc/s were used on some 
of the interconnecting links. 


Types of System 

Basically there are two types of broad band microwave 
system in current use. In the first, all the amplification 
necessary is carried out in the u.h.f. (or s.h.f.) band. A 
suitable amplifier for an all radio frequency repeater has 
been described elsewhere*; it employs disk-seal triodes 
capable of providing a stage gain of 8 to 10dB. It should 
be mentioned that amplification is also possible by means of 
travelling-wave tubes, the higher stage gain available enabling 
a smaller number of valves to provide the necessary overall 
gain. This is offset by the high voltages required and by 
having to provide the magnetic field systems necessary for 
focusing. 

However, in spite of the apparent simplicity of this 
arrangement, most of the microwave equipments so far 
installed have employed the alternative system in which a 
large part of the necessary amplification is effected at an 
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intermediate frequency. There are a number of reasons for 
adopting this procedure: 

(1) Gains exceeding 10dB per stage can be readily achieved 
in amplifiers having bandwidths greater than 30Mc/s to 
the 3dB points by using modern high figure of merit 
valves. 

(2) The linearity of the phase/frequency characteristic 

(group delay) can be accurately controlled and can 
have good symmetry. With the low centre frequency 
bandwidth ratio, which is inherent in i.f. systems, 
temperature, humidity, and ageing effects are mini- 
mized, and accurate equalization of i.f. group delay 
characteristics can be maintained for long periods. 
Suitable valves, and their associated circuit elements 
for use in i.f. amplifiers are comparatively cheap. For 
example, in an i.f. amplifier providing 80dB gain, the 
cost of valves required for the necessary six or eight 
stages would probably be less than that of each of 
eight u.h.f. triodes, and very much less than each of 
three travelling-wave tubes that would be necessary to 
provide the same gain. 
Automatic gain control and limiting are comparatively 
easy to apply to compensate for the large changes in 
signal level that are involved even with line of sight 
paths. 

In both types of system just described it is necessary to 
provide a shift of frequency to change the frequency band 
accepted by the receiver to a different band for re-transmission 
to prevent direct feedback. 

In addition to the amplification question discussed above, 
it is necessary to consider whether the signal should be 
modulated and demodulated at the ultra-high or intermediate 
frequencies. Direct modulation of klystron oscillators has 
been used, but suffers from the disadvantage that the modu- 
lator linearity is dependent on klystron tuning. 

Demodulators are usually operated at intermediate 
frequency because of the difficulty of providing effective 
limiting of u.h.f. signals over the whole base-band or video 
range. A further advantage of using an i.f. demodulator is 
the improvement in the stability of the discriminator charac- 
teristic due to the low centre frequency /bandwidth ratio. In 
a practical system it is advantageous to operate both the 
modulator and demodulator at the intermediate frequency 
chosen for the system. As an example, we would mention 
a recent paper® describing a type of modulator (using grounded 
grid triode valves), which can be frequency modulated over a 
wide frequency range with good linearity. A number of 
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variants of this general type are possible and have given 
good results. 


System Parameters 

Before considering a typical system in detail, it is useful 
to consider some of the special test methods used to evaluate 
the performance of a broad-band frequency-modulated radio 
transmission system. The important parameters are: 


(a) A level amplitude/frequency response over the required 
range with a gradual fall outside this range (in the 
interests of transient response). 


(b) Very good linearity of the input/output signal relation- 
ship at all base-band or video frequencies in the 
required range. 


These parameters are influenced by the following factors: 


(1) Modulator linearity—i.e. the maintenance of a linear 
relationship between the instantaneous amplitude of 
the incoming signal, and the instantaneous frequency 
of the modulated output signal. 


Amplitude frequency characteristic—This should be 
level for all parts of the system handling a frequency 
modulated signal. 


Linearity of the phase/frequency characteristic of all 
parts of the system handling a frequency modulated 
signal, including the modulator and demodulator. 


Echoes—such as may be produced by mismatches in 
long feeders must be reduced to suitably small propor- 
tions. 


Reduction of the level of interfering signals to some 65 
to 75dB below the wanted signal (these interfering 
signals may arise from harmonics of shift frequencies in 
a single channel, or from other channels where more 
than one r.f. channel is used). 


Linearity of the instantaneous frequency/instantaneous 
amplitude characteristic of the demodulator. 


The overall amplitude/frequency response must be 
level and input amplitude/output amplitude charac- 
teristics must be linear in any amplifiers or other 
devices used in the base-band or video section of the 
equipment. 


(8) The time delay/base-band (or video frequency) charac- 
teristic of the equipment must be substantially constant 
over the frequency band. 


Special test equipment has been designed for the develop- 
ment and maintenance of u.h.f. systems. The adoption of 
an i.f. system simplifies some of this test equipment since all 
modulators, demodulators, limiters, and i.f. amplifiers 
operate on the same frequency. Group delay measurements 
can also be made from an i.f. point of a transmitter to an 
if. point on a following receiver, so that the group delay of 
the r.f. part of the equipment can be evaluated. 


Triode Microwave Amplifiers 


So far three methods of providing microwave amplification 
have been mentioned—klystron, triode, and travelling wave 
tube. The over-riding advantage of the triode over the 
klystron is that it is possible to make triode amplifiers that 
are capable of maintaining the required amplitude and phase 


characteristic over wide frequency bands. Although the 
travelling-wave tube is available and capable of dealing with 
much wider frequency bands, there are disadvantages 
associated with too great a bandwidth. 

The frequency spacing recommended by the C.C.LR. 
indicates the desirability of limiting the bandwidth. Adequate 
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bandwidth restriction is provided by 
a triode amplifier. Also, in if. 
systems and in shift frequency 
mixers at repeaters, the r.f. carrier is 
modulated by a comparatively low 
frequency (70Mc/s to 250Mc/s), and 
the appropriate sideband is selected 
for transmission. The filtering neces- 
sary to attenuate the carrier fre- 
quency and unwanted modulation 
products is simpler if triode ampli- 
fiers are used because of the inherent 
selectivity of this amplifier circuit. 

A further advantage is that using 
modern triodes an h.t. supply of 
200V with no very stringent require- 
ments on stability or ripple is 
adequate. This means the power 
supply units can be cheap and simple 
without sacrificing reliability. Heater 
requirements are also easy to meet, 
but longest life will be obtained if 
the heaters are operated within 2 per 
cent of the nominal operating 
voltage. 

The triode has a special advantage 
in a transmitter mixer stage. This 
stage provides either the frequency 
shift at an all r.f. repeater or the 
translation from if. to u.h.f. (or 
s.h.f.) where i.f. circuits are used. 
The mixers can use either silicon 
crystals, triodes, or travelling wave 
tubes. The silicon crystal with a 
high level drive suffers from the 
disadvantage of harmonic generation, 
and these harmonics of the inter- 
mediate frequency can appear at the 
u.h.f. output terminals at objection- 
able levels. Triodes and travelling- 
wave tubes are appreciably better in 
this respect, the triodes having the 
advantage that the i.f. power required 
for efficient operation is considerably 
less than for travelling-wave tubes. 


Typical Triode System 
The following microwave system 
was designed by G.E.C. to transmit 
at least 240 speech channels, or 
television signals, in accordance with 
the recommendations of C.C.LR. It 
operates in the frequency band 1 700 
to 2 300Mc/s over line-of-site paths. 
The linearity of both amplitude 
and phase characteristics is adequate 
for good quality transmission of 
either multi-channel telephony or 
compatible colour television signals. 
The bandwidth required for the 
television signals is of course greater 
than for the 240 telephone channels. 
Because of the advantages enumer- 
ated in the first part of this article, 
most of the amplification is carried 
out at an intermediate frequency of 
70Mc/s. The modulators and de- 
modulators also operate at this 
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frequency. Triodes are used in the transmitter frequency 
changer and u.h.f. amplifiers. The valves are operated at 
conservative ratings and have proved to be very reliable and 
give satisfactory service. 

A thin waveguide input circuit is used so that the valve, 
which is situated rather less than 4/4 from the short-circuited 
end of the guide because of the valve input capacitance, 
effectively terminates the line. The signal is coupled into the 
waveguide from a coaxial input connexion. Tuning screws 
are provided to arrange for the waveguide to present a good 
termination to the coaxial input. 

The grid-anode circuit consists of a coaxial cavity, which is 
capacitively loaded by the grid-anode capacitance of the 
valve, and which operates in the 4/4 mode of resonance. The 
cavity is approximately tuned to frequency by a preselected 
loading block; final tuning to cover valve replacement 
variations is performed by a capacitance tuning screw. 

The output transmission line is capacitively coupled to the 
cavity. The anode cavity is designed so that the inner of the 
circuit makes sufficiently good contact to the valve anode, 
and is short enough to provide adequate thermal conduction 
to the outside of the circuit. 

The u.h.f. circuits shown in Fig. 1 are manufactured from 
special aluminium: forgings, which provide the internal 
contours of the cathode circuit as well as the external circuit 
shape without any further machining. The circuits have been 
tested with the ambient temperature varied over a range of 
58°C. The change in anode circuit resonance over this 
temperature range was only 0-025 per cent (500kc/s). This 
variation can be accepted by the equipment without any 
measurable degradation of the system performance. 

Fig. 2 illustrates a rack on which these circuits are mounted. 
The rack, which is 7ft 6in high, 20in wide and only 8in deep, 
houses a transmitter and a receiver, their associated power 
equipment, functional monitoring and built-in metering 
facilities. 

This. rack can be used either as a terminal transmitter and 
receiver providing for simultaneous transmission of signals 
in both directions or as a repeater. In the latter case two 
such racks are required to provide a repeater station for 
simultaneous transmission of signals in both directions. 

Figs. 3 (a and b) show in diagrammatic form the arrange- 
ment of the terminal and repeater equipment. 

At a terminal transmitter the incoming base-band signal is 
routed to the modulator where it frequency modulates a 
70Mc/s sub-carrier. An automatic-frequency control system 
stabilizes the mean frequency of the modulator. The 70Mc/s 
signal is then passed through a limiter, which reduces any 
residual amplitude modulation to negligible proportions, an 
i.f. phase equalizer and a single stage amplifier, to the trans- 
mitter frequency changer. The u.h.f. drive to the frequency 
changer is produced by a crystal controlled oscillator and 
multiplying chain employing only three small receiving type 
valves. This gives an output of a few milliwatts at the 
required frequency which is selected by a tuneable cavity. 
As the output from the oscillator panel is too low for high 
level mixing, a stage of u.h.f. amplification is provided before 
the frequency changing stage. Local oscillator and if. 
signals are applied simultaneously to the cathode of the 
mixer which is a triode valve operating on the non-linear part 
of its characteristic. 

The design of the frequency changer u.h.f. circuit is 
mechanically identical with that of the u.h.f. amplifiers, the 
anode circuit being tuned to the required sideband. The 
amplifier following the mixer stage is preceded by a ferrite 
isolator to reduce interaction between the circuits. A filter 
network in the anode circuit of this amplifier attenuates the 
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residual carrier and unwanted sideband from the mixer to a 
low level before being passed via a second ferrite isolator to 
the output amplifier, which consists of two valves in parallel 
combined in such a way that they can be tuned independently 
Directional couplers are incorporated in the output of each 
stage so that a simple scanned oscillator and display unit 
(shown in Fig. 4) can be connected to the transmitter and the 
response at each u.h.f. stage displayed. 

The directional coupler following the output stage is 
connected to a moving-coil relay which continuously indicates 
the output power, and provides an alarm signal if the trans- 
mitter output power falls below a pre-determined level. 

Ferrite isolators are used at the equipment end of the aeria! 
feeders to provide an adequate termination for echoes which 
may be reflected from the antenna or from feeder irregu- 
larities. Semi air-spaced feeders of the helical membrane 
type are used, since at these frequencies the loss is reasonable, 
and reflections due to irregularities are at an acceptable 
level. These feeders have the advantages of lower cost and 
easier handling than waveguide runs. 

The antenna comprises a paraboloidal reflector fed by a 
waveguide type of launching unit and provides a gain of 
approximately 34dB at 2 000Mc/s. The launching unit is of 
the dual polarization type, i.e. both horizontally and vertically 
polarized waves can be launched or received simultaneously. 
Multiplexing arrangements can be provided to enable up to 
three transmitters or receivers to be operated on each 
polarization of the antenna: i.e. three transmitters and three 
receivers can be operated on a single antenna. 

On the receiver side of the equipment the incoming signal 
is fed via a branching filter to the receiver mixer. The 
branching filter is of coaxial construction. The input signal 
line includes a band-pass filter at signal frequency, while the 
local oscillator line includes a band-stop filter at signal 


Fig. 4. Scanned i.f. oscillator and display unit 
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Fig. 5. Amplitude and group delay response of i.f. amplifiers 


frequency, a band-pass filter at the local oscillator frequency 
and a load for the absorption of image power generated in 
the crystal mixer. The arrangement is shown in Fig. 3. It 
will be seen that both signal and local oscillator power are 
fed to the same terminal of the mixer unit, which comprises 
a coaxial type silicon crystal unit and a matching transformer. 


The receiver local oscillator is identical with the transmitter 
oscillator. The output level of 2 to 3mW is adequate for 
this purpose, and amplification is not necessary. 

The output of the crystal is fed to a low noise i.f. input 
stage. The overall receiver noise factor is 10dB. Following 
this low noise input stage are five broad-band amplifying 


stages. A phase equalizer is fitted in the i.f. chain to com- 
pensate for the phase characteristics of the coupling trans- 
formers used. The overall characteristics of the i.f. amplifier 
are shown in Fig. 5. 


The output of the i.f. amplifier is fed to the demodulator, 
while in a repeater station a second i.f. output is fed via a 
limiter to the transmitter mixer. 


The demodulator consists of an amplitude limiter, dis- 
criminator, and base-band amplifier. Back-to-back silicon 
diodes are used in the limiter section, which attenuates any 
amplitude modulation on the incoming signal by 40 to 50dB 
before passing it to the discriminator. The discriminator 
makes use of the amplitude frequency response lying between 
the series and parallel resonance of a three element network. 
Values are chosen to provide good linearity and the balanced 
detector arrangement used has good amplitude rejecting 
properties at centre frequency. The base-band amplifier is 
of conventional design. 

The reliability of the u.h.f. triodes has proved to be good. 
Lives varying between 4000 and 10000 hours are usual, 
and in a typical system the fault rate from all causes including 
normal valve replacement has averaged one per 1 200 hours 
per transmitter-receiver rack. In only one out of eleven 
faults was the service interrupted so that even when a system 
is run without standby the fault liability is low. 

The power consumption of one transmitter-receiver rack 
is less than 0-SkVA. 
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Travelling-Wave Tubes in Communications 


By R. B. Coulson*, B.Sc., B.E. 


Microwave repeaters for telephone communication are the first equipments to use travelling-wave 
tubes in appreciable quantities. The application of t.w.t's for this purpose is discussed. 


For commercial equipments, the author expresses the opinion that electromagnets wound with alu- 
minium foil are at present preferable to permanent magnets. 


FTER more than a decade of intensive development, 
the basic design of helix type travelling-wave tubes is 
now well established. Tubes now available from many 
different makers vary only in minor details such as 
operating voltages and outline. Radar and communication 
systems incorporating travelling-wave tubes are coming; 
into operation, and equipment engineers can choose, with 
confidence, a tube to suit their particular requirements 
from the catalogues. 
The tubes most commonly in use may be classified as 
power, intermediate or low noise tubes, and cover the 
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frequency range | 000 to 10 000Mc/s with gains up to 40dB 

This article discusses some applications of travelling- 
wave tubes, their advantages and the problems of instal- 
lation. 


Communication Equipment 
The spread of telephonic communication throughout the 
world has led to the demand for radio links capable of 
carrying an ever-increasing number of telephone channels 
This in turn calls for greater r.f. bandwidths and the 
extension of carrier frequencies into the microwave region. 
The inherent broad bandwidth and high gain travelling- 
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wave tubes make them very suitable in link repeaters 
especially if all the amplification is performed at r.f. by 
simply cascading three or four tubes. Small capacity 
systems can utilize ordinary i.f. amplifiers with appropriate 
frequency changing before and after the i.f. amplification. 
but usually a t.w.t. is most conveniently used in the output 
Stage giving upwards of 4W. For microwave links with 
more than six repeater stations carrying 600 or more tele- 
phone channels to C.C.I.R. standards, an all travelling- 
wave tube system is highly competitive’. 

The tube line-up in a typical repeater is a low noise tube, 
two intermediate tubes and a power output tube. One of 
the intermediate tubes is used as a frequency. changer, say, 
for example, from 2000 to 2 100Mc/s, by modulating the 
helix voltage at the difference frequency, 100Mc/s. The 
new frequency is selected by means of a bandpass filter. 
the unwanted frequencies being reflected back into the 
t.w.t. where they are absorbed. This mode of operation 
is accompanied by a loss in gain® of about 10dB. 

There are special problems in the impedance matching 
of t.w.t.’s for high capacity telephone systems. It has been 
shown® that whether or not t.w.t.’s are used, the v.s.w.r. 
in some parts of the system, notably the output of the 
output stage, must be of the order of 1-1 over a bandwidth 
of 10 or 20Mc/s. Whereas there is little difficulty in adjust- 
ing the match of a t.w.t. to this figure when no voltages 
are applied, the v.s.w.r. often rises when the valve is 
switched on. This is because a signal reflected back into 
the output of a t.w.t. travels down the helix and is 
absorbed except in so far as there are small reflections 
occurring either at the attenuator or at small irregularities 
in the helix itself. These reflections, moving now in the 
same direction as the electrons, are amplified in the usual 
way by about 20dB. Thus, even though the reflected voltage 
wave is only 0-2 per cent of the original, a v.s.w.r. of 
1-2 appears at the output. In practice the effect is less 
than this when the t.w.t. is delivering power to the aerial, 
particularly when the tube is working at saturation, and 
it is possible to correct for this mismatch over an 
adequate bandwidth by normal adjustments at the output. 

Because the amplification process is involved, the mag- 
nitude of the reflected wave will vary as the helix voltage 
is varied, being a maximum when this is adjusted for 
small signal operation. This phenomenon can be utilized 
as a further matching adjustment at the exnense of some 
loss in gain. The helix voltage must therefore be carefully 
stabilized to reduce variations to less than 1 per cent if 
small v.s.w.r.’s are required. 

This problem is almost completely removed if a ferrite 
isolator with 20dB or more in the reverse direction is used. 
The v.s.w.r. at the valve can then rise to 1-5 without 
affecting system performance. The cost of an isolator is 
offset by the omission of precise matching controls, and 
test equipment to measure the v.s.w.r. 


Travelling Wave Amplifier Units 

Although the t.w.t. has been much publicized for its 
very wide bandwidth, the applications where full use is 
made of this property are very few. Fig. 1 shows a 
packaged t.w.t. complete with power supplies suitable for 
laboratory or field use where a wide-band instrument is 
required. The particular unit shown is a low noise amplifier 
with a noise factor less than 8dB over the band 1 200 to 
1400Mc/s and is suitable for experiments on aerial per- 
formance. If the t.w.t. was replaced by an intermediate 
tube, the same unit could be used to amplify a signal 
generator for laboratory uses. As the frequency is changed, 
no adjustments whatever need be made to the t.w.t. The 
gain may be varied if required by means of the first anode 
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voltage control which in turn varies the beam current 

The box shown in Fig. 1 can be mounted directly in a 
repeater or radar equipment. This method of installing a 
tube is to be recommended in situations where only un- 
skilled personnel are available or when specialized test 
equipment is not kept on the site. Critical adjustments, 
such as precise impedance matching or setting up for 
optimum noise factor, can then be made beforehand at 
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1. A travelling-wave tube amplifier complete with power supplies 


and lightweight electromagnet 


Fig. 2. A uniform permanent magnet shown with the travelling-wave 


tube for which it is intended 


The mechanical arrangements for mounting are not shown 


a service depot. In this unit the only hot-cathode tube is 
the t.w.t. itself. Copper oxide and germanium devices are 
used as rectifiers in the power supplies for the t.w.t. and 
solenoid, while the voltage is stabilized by neon stabilizers 


Magnetic Field for T.W.T.’s 

As with most devices depending for their operation on 
a long beam of electrons, the t.w.t. must be placed in a 
strong magnetic field parallel with its axis. Until fairly 
recently this has been obtained by an _ electromagnet 
wound with insulated copper wire carrying about 2A at 
40V. Such electromagnets are very heavy and costly, and 
it is probable that had this not been so, many more travel 
ling-wave tubes would be in use today than there are 
Great efforts have therefore been made to overcome this 
problem and though modern t.w.t.’s still need focusing 
fields, the means for obtaining them have been improved 

By far the simplest replacement for the copvper electro 
magnet is a straightforward permanent magnet (Fig. 2) 
Such magnets overcome the objections of cost, weight and 
the need for a power supply, and can now be obtained 
from tube manufacturers for an increasing number of 
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their products. In some applications steps must be taken 
to screen neighbouring equipment from the stray magnetic 
field. This tends to make the space taken up by the t.w.t. 
rather large. The same problem exists with electromagnets 
to a lesser degree but, in this case, the screens may be 
brought up close to the electromagnet without seriously 
weakening the field strength along the axis. This is not 
possible with permanent magnets. 

Another means for focusing the electron beam is the 
periodic permanent magnet’ comprising a series of small 


Fig. 3. Aluminium foil for electromagnet 


Fig. 4. A completed lightweight electromagnet for a power output t.w.t. 


Some of the air needed for cooling the collector is diverted through the 
centre of the winding allowing a considerable reduction in size and weight 
he magnetic field is 375 oersteds 


permanent magnets alternating in polarity, so that a plot 
of the field along the axis is approximately a sine wave. 
This magnet assembly overcomes all the objections of 
both copper electromagnets and uniform permanent 
magnets except that of cost, and this will be almost 
certainly overcome in time as a result of collaboration 
between tube designers and the manufacturers of the 
magnet ‘cells’. Until then, there is little likelihood that 
periodic magnets can be considered seriously for com- 
mercial equipments. 

Some work is being done on electrostatic focusing’ for 
t.w.t.’s but this is still in the development stage, and in 
any case is not applicable to present-day tubes. 

The aluminium foil electromagnet shown in Fig. 3 is a 
practical solution to the problem of focusing in commer- 
cial equipment. The foil is wound tightly on an aluminium 
tube which forms the connexion to the inner turn of the 
winding, and is coated on one side only with a resin 
varnish. The volume is about the same as and the weight 
less than one-third that of a copner wire coil. The 
minimum field required to focus any particular t.w.t. is 
up to 25 per cent less with the foil coil. The heat conduc- 
tivity is also slightly better, although this is offset to some 
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extent by the higher electrical resistivity of aluminium. 

The volume of any electromagnet is determined solely 
by the safe temperature rise so that, if the coil can be 
cooled by forced air, the size can be reduced appreciably. 
Electromagnets obtainable from tube manufacturers are 
usually designed for running with natural cooling and tend 
to be conservatively rated. It would be advisable for an 
equipment designer to consider the magnetic field require- 
ments at an early stage in drawing his layout. Very often 
an equipment uses forced air for other purposes and, if 
some can be diverted for cooling the electromagnet, a 
much smaller design can be made. 

Fig. 4 shows an aluminium electromagnet for use with 
a 4000Mc/s power t.w.t. It weighs 154lb and is rated at 
14V 8A. In this case, where the collector of the t.w.t. 
must be cooled by forced air, arrangements have been 
made for passing a smalj stream of air down the centre 
of the coil. 


Life Expectancy 

The problems of life of oxide cathodes in t.w.t.’s are 
common to all tubes using long electron beams. One of 
the main causes of failure is the bombardment and 
destruction of the cathode surface by positive ions 
originating in the electron beam. Most of this can be 
eliminated by rigorous processing and pumping and by 
the use of convergent guns wherever possible. In power 
output tubes which have convergent guns, some destruc- 
tion of the central portion of the cathode does occur, but 
the area affected is small compared with the total area. 
Lives well in excess of 10000 hours are being recorded 
for such tubes. 

Further reduction of ion bombardment can be achieved 
by means of the * potential barrier’ form of ion trap’ in 
intermediate and power tubes. 


In tubes so far developed it has not been found possible 
to combine a low noise factor with either a convergent 
gun or an ion trap. Nevertheless lives of 5000 hours are 
being regularly obtained and it is expected 10000 hours 
will eventually become commonplace. 


Conclusion 

Recently developed lightweight electromagnets and per- 
manent magnets have overcome the obstacles to the 
adoption of travelling-wave tubes in commercial equip- 
ments. 

A complete unit has been described in which the t.w.t., 
solenoid and all power supplies are incorporated into a 
portable box which can be used as a laboratory test 
equipment or installed directly into a major equipment 
such as a radar or radio repeater. 

The advantages and some of the problems of the appli- 
cation of t.w.t.’s to radars and radio repeaters have been 
discussed. 
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TRAVELLING-WAVE TUBE AMPLIFIERS 


By D. H. O. Allen*, B.A. 


After a very brief résumé of the fundamental principles of travelling-wave interaction this article 
discusses the major advances made in the last few years towards improved and more useful 
travelling-wave tube amplifiers. A better insight into, for example, the noise behaviour of long 
beam amplifiers and periodic focusing methods has enabled the travelling-wave tube to become 
an essentially practical device suitable for incorporation in reliable communication equipment. 
The applications of the t.w.t., especially in microwave radio links, are a.so discussed together with 
comments on the distortions that are likely to be introduced under various operating conditions 


A FEW years ago the travelling-wave tube was described 
as the most publicized and least used of all microwave 
tubes in existence. Recently, however, circuit and system 
designers have come to realize that the t.w.t. amplifier 
can form a useful part of their equipments. One reason 
for its late entry into the field of practical equipment has, 
perhaps, been the natural timidity of system engineers to 
use a new and untried device, but in addition it is clear that 
until a few years ago valve manufacturers had not brought 
the t.w.t. to a sufficiently practical form. Why this is so is 
hard to determine, but one of the major practical dis- 
advantages of the normal t.w.t. is the fact that an external 
magnetic field is necessary in order to focus the electron 
beam. Early focusing systems were very bulky and often 
consumed several hundreds of watts of d.c. power, but the 
advent of new ideas in the focusing of electron beams has 
in many cases enabled complete t.w.t. ‘ packages’ to be 
made small in size and weighing only a few pounds. 


Fundamental Aspects of the Travelling-Wave Tube 

In principle the t.w.t. is a microwave amplifier depending 
for its operation on the interaction of an electron beam with 
an electromagnetic wave (representing the signal) travelling 
nearly at the same velocity. In practice it is extremely 
difficult to accelerate an electron beam to near the velocity 
of light, but the wave can be effectively slowed down by 
causing it to travel along, for example, a conductor coiled 
in the form of a helix. An observer on the axis of such a 
helix would see the electric and magnetic fields associated 
with the wave travelling past him with an axial velocity of 
c sin(p/2za) where c is the velcecity of light, and p and a 
are respectively the pitch and mean radius of the helix. 

If the electron beam is projected down the helix at the 
same velocity as the apparent axial velocity of the wave 
individual electrons will either be retarded or accelerated 
according to the direciion cf the electric fields as they enter. 
Eventually the electrons travel in ‘ bunches* but no ampli- 
fication occurs since an equal number are accelerated and 
retarded. If, however, the beam enters at a fractionally 
greater velocity than the wave. more electrons will be 
retarded and the net effect will be for the beam to give up 
energy to ithe wave. In this way the wave (or signal) is 
amolified. 

Basically the t.w.t. amplifier needs merely an electron 
beam at the correct velocity and a suitable slow wave 
circuit. In practice, however, the provision of a suitable 
beam for a low noise or, perhaps, a high power tube may 
present special problems and these will be discussed below. 
Different types of slow wave circuits have different pro- 
perties and some are more suitable for certain applications 
than others. However, the first t.w.t. made’ used a helical 
conductor and the first serious attempts at providing a 
comprehensive theoretical understanding of the device was 
carried out by Pierce’ using a helix type tube as a model. 
Since those early davs several different types of slow wave 
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structure have been considered and these are discussed 


below. 


Slow Wave Structures 

The primary function of the slow wave structure in a 
t.w.t. is to enable the electric fields of an e.m. wave to couple 
continuously with a slow moving electron beam. The pro- 
perties of a slow wave structure may be described in terms 
of the apparent velocity of propagation of the e.m. wave 
that is injected into it and the manner in which it couples 
to an electron beam. The broad bandwidth properties of a 
t.w.t. arise from the fact that the only criterion for useful 
beam-to-wave interaction is that their relative velocities 
should be correct. The intrinsic bandwidth is then only 
limited by the dispersion characteristics of the slow wave 
structure. 

Pierce describes an impedance for a slow wave structure 
which determines how effectively its fields will interact with 
an electron stream and this is defined as K =F a 
where E, is the useful electric field in the beam region, 
3 is the propagation constant and P the power flowing in 
the structure. The gain of a t.w.t. amplifier is proportional 
to a parameter C given by C = (K/,/4V.)'* where J, and 
V. are the current flowing in the electron beam and the 
effective voltage of the beam respectively. 

Multi-channel communication systems require wide band- 
widths and, for minimum distortion, it is clear that over 
this bandwidth there should be no variation of gain or 
time delays in any amplifier that may be used. It is there- 
fore of paramount importance that a t.w.t. amplifier used 
for wide band communications should employ a slow wave 
structure that is non-dispersive (i.e. has a vhase velocity 
thet is independent of frequency), and that also has an 
effective coupling impedance that is constant over a wide 
frequency band 

The helical form wave circuit under the 
right conditions appears, at the present time, to be the ideal 
one for communications systems. It is true that several 
other forms of circuit, such as the disk loaded waveguide 
and several ladder-like structures have coupling impedances 
which can be orders greater than that of the helix, but in 
general these are very dispersive and may have only a few 
hundred kilocycles of useful bandwidth 

Another form of structure that is worthy of note, is the 
interdigital (i.d.) line*®. In its usual form, consisting of a 
series of intermeshed conducting pins, it is used in back- 
ward wave oscillators when its backward fundamental slow 
wave interacts with the electron beam. However. the funda- 
mental forward space harmonic has relatively little disper- 
sion under its normal operating conditions, but shows only 
a small coupling impedance to an electron beam. Curves 
comparing the dispersion characteristics of the helix and 
i.d. line are shown in Fig. 1. At lower frequencies (for 
example 1 to 20kMc/s) there is no advantage in using such 
a structure because of its low coupling impedance. but 
where very high frequency operation (30 to 100kMc/s) is 
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considered this is an important advantage in that the i.d. 
line is easier to make, being somewhat larger than a com- 
parable helical structure at the same frequency. 

So far no mention has been made of high power applica- 
tions. Without special cooling arrangements the helix is 
capable of operating in t.w.t. amplifiers giving at most a 
few hundred watts at low frequencies of 500 to 1 000Mc/s. 
At much higher frequencies where the slow wave structures 
become small, and resistive loses become greater much 
lower power levels only can be realized. It would seem, how- 
ever, that by conventional means a few watts can be obtained 
at frequencies up to 11-SkMc/s which at present. is the 
highest frequency band envisaged for normal microwave 
communications systems. 
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Fig. 1. Phase velocities/frequency calculated for a helix and interdigital line 
i for optimum performance at frequency f 


vic is the ratio of the phase velocity to that of light 


The Noise Problem 

The range of a communication system is determined by the 
maximum output power available at the transmitter, the 
transmitter and receiver aerial gains, the path loss between 
transmitter and receiver and the noise factor of the receiver. 

In the science and engineering of t.w.t. recent advances 
have provided a greater understanding of the factors con- 
tributing to noise output and noise factor, and the latest 
theories suggest that the minimum noise factor obtainable 
may be as low as 3-5dB. 

Noise in t.w.t. amplifiers arises from several different 
causes, some of which are readily eliminated by careful 
engineering. Thus the familiar partition noise effect found in 
conventional pentodes and tetrodes is also present in t.w.t.s’ 
if the slow wave circuit is allowed to collect some of the 
beam current near its input end. Proper alignment of the 
helix and gun and correct design of the focusing magnetic 
field can eliminate this without difficulty—at least at the 
lower microwave frequencies where the structures are 
reasonably large. 

The fundamental source of noise lies in the cathode and 
is due to the inherent high temperature of the electron- 
emitting surface and the familiar shot effect which arises 
from the randomness in time of emission of individual 
electrons. The elevated temperature of the cathode gives rise 
to a velocity distribution of electrons which initiates a 
‘velocity.’ source of noise propagated on the plasma waves 
of the electron beam. The shot effect produces a ‘ current’ 
source of noise also propagated in a similar way. 


It would seem that a reasonably complete understanding 
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of the physical mechanism of the methods by which these 
noise waves may be effectively reduced has been made in 
recent years by Watkins‘, Bloom and Peter®, and other 
workers in the field. As a result a considerable amount of 
published data on the noise performance of practical tubes 
is available, at least for amplifiers at frequencies below 
7-5kMc/s. 

Work by these authors predicts a minimum attainable 
noise factor of about 6dB, but this figure is largely deter- 
mined by the assumed ‘noisiness’ of the electron beam 
before it enters the noise reduction region of the electron 
gun. Recent work by several workers has been devoted to 
acquiring a better understanding of the mechanisms existing 
in the region between the emitting surface of the cathode 
and the potential minimum plane and two facts now seem 
to be clearly established. Firstly, there is no correlation 
between the velocity and current sources of noise and this 
has been borne out by experiment. Secondly, it is not a 
valid approximation in any analysis to consider the electron 
flow as single-velocity in nature. Theoretical work by 
Siegman et al® has confirmed that the multi-velccity nature of 
the flow in the potential minimum region must be con- 
sidered. If this is done then noise figures of around 3dB 
are predicted. 

Most of the experimental verification of noise figures of 
t.w.t. amplifiers has been done at the lower frequency end 
of the microwave spectrum, generally in the band 2:4 to 
4kMc/s. From published results there seems to be no doubt 
that noise factors as low as 6dB can be obtained consistently 
in well designed tubes at 3000Mc/s without very critical 
adjustments and that reasonably good life may be obtained 
from such tubes’. 

At higher frequencies there is doubt as to whether the 
noise theories developed for the cathode-potential mini- 
mum regions are still valid, but noise factors of as low as 
8-5dB have been reported at X-band. One of the major 
difficulties at these higher frequencies is that of eliminating 
partition noise arising from the interception of some of the 
beam by the very small helix that is employed. Only a 
tightening of an already. very strict mechanical tolerance in 
the tube engineering can overcome this. A further difficulty 
at high frequencies is caused by the necessity to go to higher 
emission densities from the cathode which may well shorten 
the tube’s useful life. One possible solution to this lies in 
the use of some of the dispenser or impregnated* cathodes, 
but these have the disadvantage of operating at a higher 
temperature than the conventional oxide-coated type. They 
do, however, have the advantage of possessing a very smooth 
uniform emitting surface which may well offer advantage 
when very small but high density electron beams are 
required for low noise devices. 


Focusing Systems 


An electron beam will normally diverge under its own 
space charge forces, so in order that all the beam may be pro- 
jected right through a slow wave structure (possibly up to one 
foot in length) some focusing system must be provided. The 
most straightforward way. of achieving this is to use a 
magnetic field to confine or focus the beam over the length 
of the tube. The magnetic field may be provided in two 
ways, either by means of a solenoid energized from an 
external d.c. supply or by a permanent magnet system. 
Whether or not the latter solution is possible is determined 
largely by the actual field requirements; an electron beam 
of very high density may require a field that is most imprac- 
ticable to provide with a permanent magnet system of 
reasonable size and weight. In this case a solenoid is the 
more suitable, though this will, of course, require an asso~- 
ciated power supply. The size and weight of focusing 
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solenoids for t.w.t.’s have been materially reduced recently 
by the use of either thin paper or anodizing as the insula- 
tion for aluminium foil windings’. 

From the point of view of magnet economy the best 
method of focusing an electron beam is by the ‘ Brillouin 
flow’ method". Here, immediately after leaving the elec- 
trostatic focusing region of the electron gun the beam is set 
into rotation by a sudden transverse magnetic field which 
changes rapidly to a uniform axial field down the length of 
beam. 


It may be shown in the case of an ideal beam that the 
sum of the centrifugal force, the outward space charge force 
and the inward magnetic force on an electron in the beam 
is zero if the axial magnetic field, B, is given by 

B’ = 0-69 x 107° (1/V'r.”) 
where / = beam current, V 
radius (all in m.k.s. units). 

In practice, due to thermal velocity effects of emission 
and an inevitable departure from the ideal theoretical input 
transition from the gun into the axial field, such a condi- 
tion cannot quite be realized in practice, but satisfactory 
focusing has been attained with values of about 1-5 times 
the ideal Brillouin value. 

In cases where an electron gun specially designed for 
optimum focusing cannot be employed, such as in low 
noise tubes, it is necessary to resort to ‘ confined flow’ or, 
in popular parlance, * brute-force focusing’. Here the axial 
magnetic field is made to be several times the theoretical 
Brillouin value and extends over the cathode region, but 
the beam boundary shows undulations which decrease in 
magnitude as the field is increased. Linear flow occurs only 
for the limiting case of an infinite magnetic field. Low 
noise tubes generally employ very low perveance beams 
of low density and therefore the fields required are realiz- 
able ones even if they need to be as high as ten times the 
theoretical Brillouin value. 

‘Perhaps the most spectacular improvements in the prac- 
ticability of t.w.t. amplifiers have been with the advent 
of periodic magnetic focusing systems. The realization that 
the focusing action of a magnetic field on an electron beam 
was proportional to the square of the value of the field 
prompted an investigation into the use of magnetic fields 
that varied periodically down the 
length of the tube". In fact such 
a system may be considered as a 
succession of converging magnetic 
lenses where, for stable flow, the 
convergence produced is equal to 
the divergence caused by the space 
charge forces. Such a system is 
somewhat more critical to set up, 
especially for high perveance 
beams, but it has several advan- 
tages. The fields may be produced 
by a stack of magnetized disks 
which are isolated from one another 
by steel pole pieces and therefore 
to increase the length of a parti- 
cular system merely means adding 
more disks and pole pieces. In a 
uniform field permanent magnet 
system the increase in length of the 
uniform field region would mean 
an increase to the power of three 
in both size and weight. In addi- 
tion, since each successive effective 
magnetic dipole is reversed in 
direction the resultant field some 
distance from the magnet system 


beam voltage and r, = beam 
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will give over 25dB of 


is very small and most of the field is confined to the axis, 
where it is required. As a result t.w.t. circuits employing 
periodic permanent magnet focusing can be as much as ten 
to fifteen times lighter in weight than the uniform field 
counterpart. Fig. 2 and Fig. 3 show practical examples of 
these. 

Obviously there are very great advantages in not having 
a magnet at all and then recourse must be made to an elec- 
trostatic periodic system. The problems involved in this 
have been examined at length, but only recently has come 
news of a practical tube” giving 10dB gain and 100mW of 
powér output at 3 000Mc/s. This particular tube uses con- 
centric bifilar helices to provide the slow wave circuit and 
the necessary periodic static electric fields to focus the 
annular electron beam that is made to flow down the gap 
between the helices. Such a tube is, of course, inherently 


Fig. 2. Solenoid and periodic permanent magnet systems with coupling 

waveguides for X-band t.w.t. amplifier type VX8506 
»20dB from 7 to 11-5kMc/s), the 
and the coil 


weights are 39 and 4\Ib respectively 
24V, 4°5A 


(gain 
requires 


Fig. 3. Periodic permanent magnet and coupling system for the Mullard 


LA4-250 intermediate amplifier 
hand 


rain and 25S0mW of power in the 


3-6 to 42kMc/s 


ELECTRONIC ENGINEERING 





more complex than one focused by conventional means, but 
the user of such tubes may well be able to offset this against 
the comparative cheapness of the associated waveguide 
circuits which will then no Jonger require magnets or the 
rather complicated arrangements for moving them for 
accurate alignment. 


Operation at Higher Power Levels 

As has been stated earlier the most suitable slow wave 
structure for a t.w.t. amplifier for communications is the 
simple monofilar helix and this proves itself entirely 
adequate for power levels up to a few tens of watts of 
frequencies in the 4kMc/s band, somewhat less in the 
6kMc/s band and a few watts only in the 11kMc/s band. 
In brief, the limiting factors against high power output are 
the increased losses and reduced size of the slow wave struc- 


Fig. 4. An example of a higher power c.w., t.w.t. amplifier 
developed in the laboratories of N.V. Philips, Eindhoven 


tion system carrying a large number of telephone and tele- 
graph channels is an amplifier of large bandwidth. Thus the 
t.w.t. is an obvious choice and has already seen several years 
of service in the Manchester-Kirk O’Shotts television link". 
As an example of its use in a multi-channel telephony 
system there is shown in Fig. 5 a proposed all-microwave 
repeater at a carrier frequency of, for example, 4kMc/s. 
From consideration of path loss between repeater 
stations, atmospheric fading, thermal noise and noise pro- 
duced by intermodulation effects it would seem that an 
ideal repeater, up to C.C.I.R. standards, for a 600 channel 
link should have a power output of SW, an input noise 
factor of 10dB and an overall gain” of about 85dB. In 
addition, a device for side-stepping the frequency by about 
200Mc/s in order that there may be no instability arising 
from feedback between input and output aerials, must be 
included. Since the electrical length 
of a t.w.t. may be varied by several 
radians merely by altering the helix 
potential, a phase modulation may 
be imparted to the r.f. signal being 
amplified and if the necessary filters 
are included at the tube output to 
select the wanted sideband the com- 
bination may be used as a frequency 
shifter”. Two methods of doing 
this have been discussed using either 
sine or sawtooth modulation™ vol- 
tages, but at the present time the sine 


This tube will deliver 2‘5kW of power with 16dB gain at 700Mc/s form only is practicable at 200Mc/s 
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Fig. 5. A possible all t.w.t. microwave repeater containing four t.w.t. amplifiers 


tures at high frequencies. The first implies the use of higher 
d.c. powers in the beam and the second the use of electron 
beams of very high electron density travelling close to the 
slow wave circuit which means that very large magnetic 
focusing fields will be required. It must be remembered 
that heat is dissipated in the slow wave circuit both by 
the passage of a large r.f. signal along it and by. the 
inevitable collection of some of the d.c. electron beam 
power. 

Several other types of slow wave structures which can be 
machined from solid copper are undoubtedly capable of 
higher dissipations but may fail for reasons of bandwidth, 
group delay etc. However, these may well be suitable for 
tropospheric scatter systems where the bandwidths 
employed may not be very large and high powers are a 
requirement. 

At the lower frequencies (below 1 000Mc/s) t.w.t. power 
amplifiers may well be used as final or penultimate stages 
in television transmitters and Fig. 4 shows a helix type 
amplifier which is capable of delivering 2-5kW c.w. at 
700Mc /s. In this case size is not the main factor determin- 
ing the maximum possible power output since the helix is 
wound from tin. copper pipe through which cooling water 
is pumped continuously. The electron beam size is nearly 
an inch in diameter and even though the current is several 
amperes the current density is low and thus focusing mag- 
netic fields of only 500 gauss are sufficient 


Applications 
One important requirement of a microwave communica- 
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and this is normally used. In this case there is a theoretical 
loss of gain of 6dB, but this has been allowed for in the 
overall gain calculations for the repeater. 

This typical repeater arrangement indicates the versa- 
tility of the t.w.t. amplifier as a circuit element—in one 
particular equipment it is used as a low noise amplifier, as 
an a.g.c. device to allow for fading, as a frequency shifter 
and as a power amplifier. In other forms of communica- 
tion repeater that have been proposed and in some cases 
are in use, a typical repeater obtains most gain in an inter- 
mediate frequency amplifier at less than 100Mc/s using con- 
ventional valves and merely uses the t.w.t. as a modulator 
for applying the information to the microwave carrier, 
followed by a power-amplifier t.w.t. 

A further type of communication system which is rapidly 
coming into use is that using tropospheric scatter’. Fre- 
quencies up to 5000Mc/s have been considered for this 
technique and although the bandwidth requirements will be 
relatively small (certainly less than 10Mc/s) there would be 
an advantage in using a t.w.t. amplifier if it had a noise 
factor less than that of conventional crystal mixers. From 
various sources it would seem that the crystal mixer, 
adjusted for the lowest possible noise factor is not a very 
reliable device and there would, therefore, be advantages 
in using a low noise t.w.t. amplifier followed by a medium- 
noise mixer. On reliability grounds a low noise t.w.t. seems 
entirely satisfactory; there are published figures” of at least 
5000 hours without change of noise factor and, more 
recently 14000 hours of life has been recorded without 
failure. 
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The power amplifiers considered for tropospheric scatter 
have been triodes at the lower frequencies and klystrons at 
the higher frequencies. Although the klystron’s bandwidth 
is just about adequate for this form of communication and 
its gain is high (perhaps 50dB) the t.w.t. may be more 
advantageous where price is an important consideration 
Generally speaking a glass envelope valve is cheaper to 
produce than an all-metal one and practical t.w.t.’s of all 
glass construction have been shown to be capable of pro- 
viding at least 2:SkW power output at up to 1 0O0O0Mc/s. A 
further application of tubes of this type lies, of course, 
in the field of television transmitters for the higher fre- 
quency bands where gain competition with klystrons must 
be considered, although where powers of 10kW c.w. are 
required the all-metal klystron may be the only possibility 
in view of the cooling requirement. 
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Fig. 6. Typical a.m./p.m. conversion for a t.w.t. amplifier 


The phase shift in degrees per decibel change in input level has been 
plotted against input power 


One important feature of any amplifier is the distortion 
which it may introduce into the signal being amplified. In 
a multi-channel communication system this will appear as 
noise which may considerably worsen the signal-to-noise 
ratio of the overall system. Forms of distortion which may 
contribute most to unwanted noise in systems are: 

(1) Variation of gain across the required bandwidth. 

(2) Differential phase distortion across the bandwidth. 

(3) An amplitude to phase modulation. 

Gain variations across the working bandwidth can be 
reduced by ensuring that an adequately non-dispersive slow 
wave structure is used and that the coupling system to the 
external circuits are adequately matched. Differential phase 
shifts arise from the dispersive nature of slow wave circuits 
but with the helix operated in its correct regime this form 
of distortion is very small and can normally be disregarded. 

When a t.w.t. amplifier is being operated near saturation 
variations in input signal level will alter the velocity of the 
beam near the output of the tube since more or less energy 
is being extracted from the beam. As has been discussed 
earlier, variations of beam velocity cause variations of the 
phase of the output signal and thus an a.m. component on 
the input signal can give rise to an a.m. + p.m. component 
at the output. This will mean that any filters that precede 
such an amplifier must have an absolutely flat characteristic 
of transmission versus frequency. If this is not possible then 
the onus falls upon the tube designer to provide a t.w.t 
with a very small a.m./p.m. conversion. Theory suggests 
that the phase shift at the output per decibel of input 
amplitude change is given by 9°6 Pout /Pream C degrees (C 
in Pierce’s gain parameter) as long as saturation is not 
approached too closely. Nearer saturation the situation 
worsens and the phase shift is greater than this small signal 
theory suggests. Published results on one 6kMc/s power 
amplifier t.w.t. closely follow the theoretical prediction”. It 
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is interesting to note that when Pou / Pream = 1/15 the shift 
is approximately 2:25°/dB, whereas it has been suggested 
that a 600 channel system and a colour television link 
might tolerate only 1°/dB. System requirements on this 
point appear not yet to have been fully evaluated. It may 
well mean, however, that all t.w.t. amplifiers in a high 
quality link may have to run at or below about one-quarter 
of their normal saturated power output. It will be noted 
that near saturation the phase shift curve turns over and 
at saturation the phase shift per decibel becomes zero. In 
principle this region could be used for low a.m./p.m. con- 
version, but the mean level in the system would have to be 
kept very constant against fading. (See Fig. 6) 


Conclusions 

Without doubt the t.w.t. amplifier is an extremely versa 
tile microwave amplifier with few disadvantages. Its full 
potentialities are only just being exploited and system 
designers have only very recently come to regard it as a 
component engineered to a sufficiently high degree for 
incorporation into equipments. 

The basic principles of the t.w.t. are now well known 
and understood, although certain work still needs to be 
done towards a better understanding of its behaviour under 
large signal conditions. The recent reports of a t.w.t. ampli- 
fier using an electrostatic focusing system and having a 
useful r.f. performance are extremely encouraging and may 
well mean that certain types of t.w.t. amplifier will become 
small in size and weight and require no bulky magnet 
system. The many advantages of the t.w.t. amplifier are 
now being evaluated by system designers and shortly it 
will no doubt become an integral part of many com- 
munication systems. 
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Travelling-Wave Tubes For 4000 Mc/s 


By P. F. C. Burke*, B.A., Grad.1.E.E. 


Travelling-wave tubes may be used in microwave radio links as output amplifiers, low-noise receivers 

or intermediate level amplifiers. The requirements for each of these applications and their influence 

on the design of the travelling-wave tubes are discussed. The application of these principles is 
illustrated by description of such tubes developed for 4000Mc/s microwave links. 


HERE has been a great development of wideband 

microwave radio links since 1950, particularly in the 
3 600 to 4 200Mc/s band, and many of these have used travel- 
ling-wave tubes. A review of some such tubes developed 
for this frequency range will give an idea of their present 
«capabilities and also the requirements that must be met for 
satisfactory operation in communication systems. 

While all travelling-wave tubes employ the same basic 
principle for amplification, and can be used for this function 
at any stage in a microwave repeater, it will be convenient to 
consider separately the output amplifier, the low noise 
receiver and the intermediate level amplifier. Just as different 
circuit techniques would be used for these stages at lower 
frequencies, so there are considerable differences in the 
design of the corresponding travelling-wave tubes. Further- 
more it may be desirable to use these tubes in only one or 
two of these three stages, depending on the requirements 
and economics of the complete system. 


Output Tube 


The fundamental requirements for the output tube in a 
microwave radio link have been extensively discussed before!, 
with particular reference to the CV2188. The use of this 
tube in 1952 in the Manchester-Kirk O’Shotts television 
fink was the first application of travelling-wave tubes in 
regular commercial service. Considerable experience since 
has confirmed the requirements foreseen then, with some 
modifications arising mainly from an increase in the number 
of telephone channels on each microwave carrier to 600 or 
more. 

The principal factor determining the design of the output 
tube is the maximum power required. An output of about 
SW is generally considered necessary for a 600 channel 
system, although this will depend on other system require- 
ments such as aerial size, distance between stations and 
receiver noise factor. It is desirable for the travelling-wave 
tube to be capable of a rather greater maximum power output 
than this since the phase delay through the tube increases 
near saturation owing to the increased slowing-down of the 
electron beam as it delivers more power. This effect will 
convert any amplitude modulation on the input into phase 
modulation. The distortion produced by this effect will 
vary with the amount of amplitude limiting on the input 
of the tube. For a SW operating level a maximum output 
of 7W to 10W is generally satisfactory and any considerably 
larger margin would greatly increase the size and expense 
.of the travelling-wave tube and its power supplies. 

The focusing of the electron beam is the major problem 
in obtaining the necessary power output, and has been fully 
discussed elsewhere2. To obtain 5W or 10W output from a 
travelling-wave tube at 4000Mc/s the helix diameter will 
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need to be considerably smaller than the cathode diameter 
if the cathode current density is about 200mA/cm2, a figure 
which should give an adequate life from an oxide-coated 
cathode. This means a convergent electron gun must be 
used. It first appeared that the best way to obtain this in 
combination with magnetic focusing of the electron beam 
was to screen the cathode completely from the magnetic 
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Fig. 1. Electron gun using ‘ Brillouin focusing “ 
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ELECTRON BEAM 
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Fig. 2. Electron gun with shaped magnetic field 


field, which rose suddenly to the required value near the 
point where the beam had its minimum diameter. A sketch 
of this ‘Brillouin focusing’ is shown in Fig. 1. Theoretically 
this requires the least field for focusing the beam but, in 
practice, operation at the theoretical field is rarely obtained 
and, of considerably more importance, the noise factor may 
be extremely high. The reasons for this behaviour are not 
fully understood but it has been found that more satisfactory 
operation can be obtained if a small magnetic field is present 
at the cathode. This field may be provided either by such 
methods as providing additional holes in the magnetic shield, 
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which will permit a small leakage of field into the cathdde 
region, or by designing the magnetic shield to give a gradual 
increase in field which will not affect the convergence of the 
electron beam, as in Fig. 2. Both methods give similar 
focusing but the latter has the advantage that it sometimes 
makes it possible to bring the magnetic shield outside the 
tube envelope. 

The magnetic field must extend the whole length of the 
tube in order to keep the beam focused as it travels through 
the helix. On early tubes this field was provided by solenoids, 
but their power dissipation and weight make it desirable to 
use a permanent magnet system if possible. A continuous 
magnetic field up to 600 gauss can be provided over a length 
of six or eight inches fairly readily. In order to reduce the 
bulk, material with a high (BH)max product is used, such as 
Alcomax III. Since the maximum working coercivity is 
around 600 gauss, higher fields require a change in shape to 
something like a horse-shoe magnet, with a corresponding 
increase in size. Even at this field the stray fields are very 
large, as the magnetic conductance inside the magnet and 
surrounding the electron beam is only a small fraction of that 
outside the circuit. These stray fields may affect other 
equipment and also mean that any magnetic material in 
them will affect the focusing field. Consequently, it is 
necessary to screen the circuit over a considerable volume. 
Any increase in the length over which the field is required 
gives a linear increase in all the dimensions and, consequently, 
an increase as the cube of the tube length in the volume 
and weight of the magnet. 

An elegant solution which greatly reduces the stray magnetic 
field and changes the total magnet volume from a cubic to a 
linear dependance on the length of the tube is provided by 
periodic magnetic focusing. The focusing of the electron 
beam depends on the square of the magnetic field and hence 
it should not be affected by sudden reversals in the direction 
of the field. Perfectly sharp reversals are not possible since 
they would require pole-pieces of infinite permeability 
extending to the axis and Fig. 3 shows a typical practical 
assembly where the field has an approximately sinusoidal 
shape. If this period is near the wavelength of cyclotron 
oscillations on the electron beam a resonance effect will 
occur causing a progressive spreading of the beam with zero 
transmission. Partial focusing of the beam may be obtained 
at longer periods than that at which this ‘stop-band’ occurs, 
but this will involve electrons crossing the axis and depend 
critically on the shape of the field. For satisfactory operation 
it is necessary to use a considerably shorter period than that 
giving resonance and this is easier at higher voltages. The 
holes in the pole-pieces are comparable to the magnet length 
for these short periods and, consequently, the axial field is 
considerably lower than the coercivity of the magnet material. 
Even with ferrites a field equivalent to 600 gauss in the 
uniform case is near the maximum that can be obtained in 
practice. The reversal of successive magnets gives a very 
low net magneto-motive force between the ends of the 
circuit with very small stray fields and a considerable resist- 
ance to demagnetization. An increase in length requires 
only the addition of further periodic elements of the same 
size and not a corresponding increase in the magnet cross- 
sectional area. 

The principal factors determining the power output and 
how it may be obtained have now been discussed. The other 
radio frequency characteristics of importance are the gain 
and the distortion which may occur, and these will be 
influenced mainly by the design of the helix and the central 
attenuating region. The gain necessary will depend on the 
output of the stage driving the travelling-wave tube, generally 
a high level mixer, and may vary from ImW to 25mW 
depending on the system. There is little difficulty in making 
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the helix long enough to give up to 40dB gain at SW output 
but the less gain required the shorter the overall length of 
the tube can be. 

One of the main causes of distortion in frequency-modulated 
radio links is time delay variation in long lines due to 
impedance mismatches. One such long line will exist between 
the mixer stage and the aerial, passing through the travelling- 
wave tube, and to prevent distortion the attenuation back- 
ward through the tube should be of the order of 30dB greater 
than the forward gain. This attenuation is provided by a 
central lossy region consisting of a resistive layer on the 
helix supports. A reverse attenuation of this magnitude is, 


of course, also entirely adequate to ensure that there is no 
chance of oscillation or instability caused by feedback. 


MAGNETIC POLEPIECES 























Fig. 3. Element of 
periodic magnetic 
circuit 
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Similar distortion can occur in the waveguide feeders at 
the input of the tube and between the output and the aerial. 
This distortion can be minimized by matching the tube very 
carefully over the required band. A trimming device is 
generally necessary to obtain a voltage reflection coefficient 
of less than 2 per cent at the centre frequency and, to keep 
this less than 5 per cent over a band of about +-10iMc/s or 
more, the reflections on the helix itself must be eliminated as 
far as possible. Such reflections are amplified by the usual 
gain mechanism of the travelling-wave tube and, since they 
are a number of wavelengths away, cannot be cancelled 
over a wide band by trimming at the output. This means 
that the attznuating region described above must be tapered 
to provide a small reflection coefficient, but not tapered 
Over too great a distance or the gain and efficiency will suffer, 
and also that any irregularities in helix pitch must be kept 
very small, since these too can give reflections. The turn-to- 
turn variation of pitch needs to be about | per cent or less. 
Periodic errors in particular must be avoided since these 
will give a poor response at those frequencies where the errors 
are an integral number of half-wavelengths apart. 

The matching of both waveguide and coaxial line to the 
helix in travelling-wave tubes is now well established and 
although coaxial feeders are preferable for the fullest use of 
the inherent bandwidth of the travelling-wave tube they 
offer fewer advantages over the more restricted band, less 
than a quarter of the operating frequency, generally available 


ENGINEERING 





Fig. 4. CV2188 and W7/3G valves 


for microwave communications. Since the filters, isolators 
and aerial feed are almost certain to use waveguide in high 
quality systems, it seems desirable to use this also for the 
travelling-wave tube, provided that no great increase in bulk 
is necessary. This is the case at 4000Mc/s, particularly if a 
slightly thinner guide than usual, of aspect ratio 3 : 1, can 
be used. 

The user will not be content solely with the basic technical 
requirements specified above but must also be able to repro- 
duce them economically and with reliability. This means 
that the tube should have a long life, be easy to set-up and 
replace, simple to monitor and not too expensive. As regards 
monitoring, the currents taken by the various electrodes and 
the voltages necessary are generally a sufficient indication of 
the satisfactory performance of the tube and also show when 
it will soon be necessary to replace the tube because of a 
deterioration in focusing or emission. 

The application of these principles is illustrated in the 
W7/3G, developed from the CV2188. Full descriptions of 
both tubes have been published elsewhere!:3. Photographs 
of them in Fig. 4, show the similarities and differences. 
Table 1 gives the typical average performance figures of 
both tubes at 4000Mc/s. The cathode area has been increased 
five times in the W7/3G so that despite the higher beam 
current the cathode density is considerably less. This has 
required the use of a convergent electron gun, the field shape 
in the electron-gun region being controlled by a pole-piece 
outside the tube. Thus the electron gun, although using 
ceramics instead of micas for alignment, is basically as 
simple as in the earlier tube and easily outgassed and pro- 
cessed. Developments in the winding of the helix and the 
distribution of the central attenuation give a better output 
match and the maximum gain and efficiency. A modified 
collector design is used to provide a greater mating area to 
the forced-air cooler to permit an increased power dissipation. 

It is of considerable importance that the location of the 
valve in its circuit should be positive and central. In both 
tubes the cooler is held accurately central but allowed to 
pivot to permit minor alignment errors, one difference being 
that the cooler for the W7/3G is spring-loaded to the collector 


TABLE 1. 
Typical Performance of CV2188 and W7/3G, (4000 Mc/s) 


W7/3G 
3kV 
2kV 

40mA 
ImA 
9W 
5wt 
60dB 





CV2188 
3kV 
1-2kV 
14mA 


Helix voltage | 
1-SmA | 


First anode voltage .... 
Collector current 
Helix current ee 
Maximum output power 
Operating level . . a 
Attenuation aa in ) 
Band of output match to 5 per 
cent reflection ‘ ie 


2:5W 
1-Sw* 
45dB 


10Mc/s 30Mc/s 











* 25mW input. + 7 mW input 
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so that access to secure it is not norm- 
ally necessary. At the gun end the 
CV2188 was held by a plastic flange 
cemented to the octal base after assem- 
bly but the W7/3G uses a flying lead 
base, to decrease the overall length, 
surrounded by a “Nilo K” ring. The 
ring locates the tube in the circuit and 
can be accurately aligned with the 
gun and helix during manufacture. 
Some slight adjustments to the focusing 
are desirable after the tube has been 
inserted in the circuit since it is worth- 
while to work with the minimum helix 
current in every case despite variations 
in the exact alignment of different 
tubes and circuits. Deflector coils mounted around the 
electron gun provide a very convenient means of doing this, 
saving the complication of mechanical adjustments and the 
need to provide access to the circuit for these. The currents 
in these coils may be easily controlled from the most con- 
venient point. The use of deflector coils in the W7/3G, 
despite the convergent electron gun, is possible since the 
magnetic screening is completely outside the tube and can 
surround the coils. 


Fig. 5. CV2188 and W7/3G circuits 


A separate first anode is used in both tubes to adjust the 
beam current to the nominal required value and a control 
circuit keeps this current constant despite any variations in 
emission, thus ensuring that there is no change in tube 


performance. The ordinary regulation of the mains supply 
keeps the other tube voltages sufficiently constant. 

A periodic permanent magnet circuit has recently been 
developed for the W7/3G. Fig. 5 shows this circuit and also 
the solenoid used for the earlier CV2188. The gain and power 
output in a periodic circuit is about 1dB worse than that 
obtained in a corresponding solenoid circuit but this is 
compensated by the saving of 100W of solenoid power and 
60 Ib. of total weight. The periodic circuit is not affected by 
stray fields and it has considerable resistance to demagnetizing 
forces. Even touching the circuit with iron tools has no 
permanent effect on it. One substantial difference arises 
from the fact that focusing is not satisfactory below a certain 
voltage in a periodic circuit and, consequently, the full 
voltage must be switched on immediately. 

Waveguide input and output is used on both tubes, the 
internal dimensions being 2 in. x 0-667 in. A flag-tuner 
in the guide can be adjusted to give a satisfactory match at 
the operating frequency. 
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There are other possible approaches to the design of the 
Output travelling-wave tube. One such is the use of a higher 
perveance beami than that described here leading to a some- 
what shorter tube with a continuous field provided by a 
permanent magnet. Periodic focusing is not usually possible 
in this case owing to the lack of permanent magnet materials 
of sufficiently high coercivity. The bulk when a permanent 
magnet is used is generally greater than that required by 
periodic focusing, particularly because of the shielding 
requirements. Moreover the high perveance gun may 
require screening inside the envelope, which makes the tube 
more expensive and also some mechanical movement 
necessary, since deflector coils outside the tube would be 
ineffective. 

Another possibility is the supply of tubes complete with 
their circuits so that no adjustment of focusing or matching 
is necessary when changing tubes. In the author’s experience, 
however, operators very quickly become accustomed to the 
routine for setting-up a travelling-wave tube and the supply 
of ‘packaged tubes’, with the added requirement of breaking 
and making the coaxial or waveguide connexions, would 
offer few advantages. Against them must be set the added 
cost of such tubes, particularly in multi-channel systems 
where separate stocks of spares would have to be kept for 
each frequency used. 

Extensive experience with travelling-wave tubes in systems 
installed in many parts of the world has confirmed their 
reliability and ease of operation. Continued development of 
the W7/2D has suggested minor modifications which have 
greatly improved the life compared with the first tubes used 
in the Manchester-Kirk O’Shotts link. For example, results 
from one recent system indicate an average life of well over 
9300 hours. 


Low Noise Tubes 


The system designer has had no readily available alternative 
to the travelling-wave tube for the output stage of radio 
relay links; for the input stage however, the travelling-wave 
tube must compete with the crystal mixer which has been 
very extensively developed. It is only in more recent years 
that better noise factors than those given by crystal mixers 
have been obtained from travelling-wave tubes and even so 
the disadvantages of the increased bulk and power supply 
requirements of the travelling-wave tube may outweigh the 
advantages of its improved performance. Nevertheless 
it has been necessary to develop low-noise tubes to decide 
this question and further improvements, either in noise 
factor or by reducing the size, may make their use more 
general. 

The fundamental cause of noise in a travelling-wave tube 
is the current and velocity fluctuations of the electron beam 
which arise from its emission from a hot cathode. To obtain 
a low noise factor it is necessary to reduce this noise relative 
to the input signal and this can be done by appropriate 
acceleration of the electron beam in the gun region before it 
enters the helix. A complete theoretical treatment of the 


problems involved is not yet possible, but by making some . 


plausible assumptions the basis of a design can be arrived 
at and improved by experiment. The electron gun which 
results uses a small cathode with a focusing electrode giving 
a slightly divergent beam, a first anode to control the current 
and one or more anodes before the final one at helix potential. 
These adjust the relative magnitude of the fluctuations 
arising from the velocity and the current variations at the 
potential minimum in front of the cathode. A drift tube, 
following the final anode of the gun, preceeds the helix and 
in this the current fluctuations tend to change into velocity 
fluctuations and vice versa due to space charge forces. 
The length of this drift space is chosen to give the optimum 
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phase relations for minimum noise. The anode voltages 
may be adjusted for minimum noise factor but varying one 
alone will slightly affect the optimum drift tube length. 
Hence, if one can vary the potential of several anodes, and 
the focusing electrode as well, a better noise factor is likely 
to be achieved, but the setting-up for this, due to the inter- 
action between the electrode potentials, will be considerably 
more complicated. 

It is also essential to have very good focusing since any 
intercepted current will lead to partition noise. As a general 
rule, the intercepted current should be less than 0-5 per cent 
of the total current. This, with the electron gun considera- 
tions, forces one to work with small beam currents and, 
consequently, even at low voltages, the gain per unit length 
is low. 


Fig. 6. VX7041 electron gua 
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A typical low-noise travelling-wave tube, developed with 
the possibility of use in microwave radio links in mind, is 


the VX7041*4. Fig. 6 shows the basic elements of the electron 
gun. While the principles outlined above are employed, the 
construction has been made as simple as possible to use. 
The focusing electrode works at cathode potential and in 
addition to the current controlling anode and that at helix 
voltage, only one further noise-reducing anode is used. 
Fig. 7 shows the complete tube and circuit. Apart from the 
use of a low-noise electron gun, and a smaller helix for 
operation at 900V, the construction is very similar to that 
described for the W7/3G. Table 2 gives some typical 
performance figures. A rather high magnetic field, for 
this current and voltage, is necessary to give the very good 
focusing. 

In operation the tube fits into the circuit in a similar way 
to the W7/3G and the focusing is adjusted solely by deflector 
coils, no mechanical movement being necessary. Adjustments 
are then made to the first anode voltage to give the required 
collector current, the helix voltage to give maximum gain 
and the second anode voltage to give minimum noise output 
All these adjustments are substantially independant and are 
easily and quickly carried out. Experience has shown that 
the conditions remain stable with life and that any deteriora- 
tion in noise factor is due to a fall in emission which will 
also require an increase in the first anode voltage needed to 
give the usual collector current. Thus, after the first setting- 


* The development of this tube was supported by the Admiralt) 
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up, the d.c. currents and potentials are a very reliable 
indication of a tube’s satisfactory operation. 

The gain should be sufficient for the noise in succeeding 
stages to make only a small contribution to the total receiver 
noise factor. For a travelling-wave tube of 8dB noise factor, 
20dB gain is adequate to ensure this. Time delay distortion 
will arise in the low-noise stage unless precautions similar to 
those in the case of the output tube are taken. The VX7041 
uses identical tuning means to the W7/3G and attention to 
the total attenuation, the shape of the taper and the regularity 
of the helix enables a similar specification to be met. 


The output level in any travelling-wave tube in a micro- 
wave link should never approach the saturation power output 
of the tube or distortion will arise due to the conversion of 
amplitude to phase modulation. The maximum output of 
the VX7041 is about 10mW _ which easily satisfies this 
condition. 


Fig. 7. VX7041 tube and circuit 


The solenoid used for the VX7041 is rather bulky and 
consumes a considerable amount of power. Unfortunately 
periodic focusing cannot at present be used without a loss 
in performance. The period at this relatively low voltage 
must be very short and the ferrite materials at present avail- 
able do not make it possible to obtain, with this short period, 
a high enough field to give the very good focusing required. 
Again the total length of helix and drift tube means that a 
very bulky magnet would be necessary to give a uniform 
field. This additional bulk militates against the use of 
low-noise tubes in microwave radio links under ordinary 
conditions. 


Intermediate Level Tubes 


The design of tubes with an intermediate power output, 
of the order of 100mW is rather simpler than in the case of 
high power tubes or low-noise tubes since the problems of 


TABLE 2. 
Typical Performance of VX7041 at 4 000M¢e/s. 





900V 
1kV 
50V 
200V 
0-S5mA 
2uA 
20dB 
8dB 
55dB 
30Mc/s 


Helix voltage .. 

Collector voltage 

First anode voltage 

Second anode voltage. . 

Collector current 

Helix current 

Gain... 

Noise factor 

Attenuation .. cs Pr ‘ ane re 
Bandwidth of input match to 5 per cent reflection 
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focusing high perveance beams or of obtaining very low 
noise factors, the fundamentals of both of which are not 
fully understood, do not arise so acutely. On the other 
hand less time has been devoted to the design of such tubes 
for microwave radio links because of the apparently limited 
field of application of all travelling-wave tube repeaters, 
which would be their principal use. 


The basic features of ease of operation and lack of distor- 
tion can be met substantially as described in connexion with 
other types of tubes. An intermediate level tube can, how- 
ever, have a much greater gain per unit length than either 
the low noise tube, necessarily restricted to a low current, 
or the output tube, which requires a fairly high voltage. 
The size can then be considerably smaller and permanent 
magnet focusing presents few difficulties whether periodic, 
if the voltage is around IkV, or a continuous field for lower 
voltages. 


An early tube5 suitable for this application is the CV2358. 
This has a gain of 25dB, a maximum output about 150mW, 
and operates at 1‘5kV, 5mA. Once again the tube plugs 
into its circuit and the focusing is adjusted by deflector 
coils. Using more modern techniques and the construction 
of the W7/3G, a higher gain and lower voltage operation 
could readily be obtained. 


The CV2358 has been extensively used by the G.P.O. as a 
frequency changer® and this application is important in an all 
travelling-wave tube repeater. If the helix voltage is modulated 
and the tube is driven near saturation with the microwave 
frequency signal, sideband outputs are obtained about 
6dB down on the maximum output power. This is a very 
convenient level for driving an output travelling-wave tube. 
In practice, the modulation is applied to the cathode which 
has a lower capacitance to earth than the helix. 


Conclusions 


Travelling-wave tubes are very well established as output 
amplifiers in 4000Mc/s radio links and while economic con- 
siderations do not generally justify their use elsewhere in 
such systems future development may modify these con- 
clusions. For high capacity links at 6 000Mc/s they are again 
certain to be used and the smaller bulk consequent on the 
higher frequency will be a considerable attraction. It is 
likely that even at 2 000Mc/s the ease of setting-up may make 
them attractive in radio link equipment. At very high 
frequencies however, above | 1 000Mc/s, considerable problems 
arise in the development of tubes to give appreciably more 
than 1W output and the use of oscillators directly, where 
possible, is likely to be more economical. 


A microwave radio channel does not generally extend 
over more than 20Mc/s, which is about 2 per cent or less 
of the possible bandwidth of travelling wave tubes. It would 
be particularly pleasing for the valve designer if other systems 
engineers, encouraged by this practical success in radio 
links, were to take full advantage of this potential bandwidth. 
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REFLEX KLYSTRONS 


By A. H. Atherton*, B.Sc., A.M.LE.E. 


A general description of the construction and operation of reflex klystrons is given, so that the 
characteristics and performance of this type of valve can be appreciated by the systems engineer. 


Typical examples of refiex klystrons are described, and _ brief 


details are given of practical 


operation. 


T very high frequencies, and especially in the microwave 

band above 2 000Mc/s, the use of negative grid valves 
as oscillators becomes increasingly difficult, mainly due to 
the necessity for keeping the cathode to grid transit time 
to below a small fraction of one cycle of the operating 
frequency. In a normal triode oscillator, amplitude modula- 
tion is imposed on the electron beam by means of the 
negatively biased control grid, and the beam is, therefore, 
modulated while it has a velocity corresponding to an 
energy of | to 2eV. With such a low electron velocity, the 
cathode to grid spacing cannot be made small enough to 
give a low transit time at high frequencies. In the reflex 
klystron a high speed electron beam, with a velocity cor- 
responding to perhaps 300eV, is velocity modulated by the 
r.f. field. It is this higher beam velocity, resulting in a lower 
transit time, which enables the reflex klystron to operate 
efficiently with reasonable physical spacings. 

An upper frequency limit, at present about 35 000Mc/s, 
beyond which reflex klystrons cannot be efficiently manu- 
factured, is set by the physical dimensions of the resonant 
cavity, which must be smaller at higher frequencies. The 
useful range of reflex klystrons may be said then to lie 
between 2000 and 35000Mc/s; within this range, the 
reflex klystron is unsurpassed as a convenient low-power 
oscillator which can be both mechanically and electrically 
tuned. 


General Description 

In this article, no attempt will be made to give a mathe- 
matical theory of reflex klystrons, since this is already avail- 
able in the literature'*. Instead, a descriptive account of the 
operation of reflex klystrons will be given, which should 
enable the user of these valves to understand their operating 
characteristics and properties. 

The essential electrodes of a reflex klystron are shown in 
Fig. 1, and consist of a resonator, an electron gun, and a 
reflector. The resonator, which is the r.f. circuit, is a re- 
entrant cylindrical structure with physical dimensions such 
that it will resonate at the desired operating frequency; in 
terms of the normal LC resonant circuit, the inner gap in 
the resonator may be said to be capacitive, the outer part 
of the resonator being inductive. The essential features of 
the resonator are that it is a high-Q, low-loss resonant 
circuit, which has a high r-f. field at the gap where the 
electron beam is modulated. Energy from the resonator 
may be extracted either by an inductive loop coupled to 
a concentric line, or by an iris coupled directly to a wave- 
guide. The electron gun provides a beam of electrons which 
is focused through the resonator aperture, passes through 
the gap and is reflected by the negative field between the 
reflector and the resonator; the beam shape being such that 
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a high proportion of the original beam is transmitted back 
through the gap. 

In the first passage through the resonator gap, the inter- 
action between the r.f. field and the electrons causes a 
velocity modulation of the beam, electrons passing through 
the gap when the field is positive being accelerated, those 
passing through when the field is negative being decelerated. 
After leaving the resonator, the different relative velocities 
of the electrons in the beam result in bunches of electrons 
being formed so that the velocity modulation is converted 
into amplitude modulation. If the beam is reflected back 
through the gap and the phase conditions are such that the 
bunches are retarded by the r-.f. field, energy will be given 
up to the field and the valve can oscillate. 


+ REFLECTOR 
a iii ells 


~ RESONATOR 
4 


/; 


Ks 


Fig. 1. Essential electrodes of a refiex klystron 





ELECTRON GUN 


Two conditions must be satisfied before the valve will 
oscillate with maximum efficiency. First, the time taken for 
the beam to travel from the gap, into the reflector field, 
and back again (the transit time) must be such that the 
r.f. field exerts a maximum retardation on the bunches in 
order to extract as much energy as possible, and it can be 
shown that the transit time must be mn + } cycles, where 
i oe ee Se The transit time can be varied by 
adjusting the reflector potential; making the reflec- 
tor more negative increases the field and reduces 
the transit time. Since nm is multi-valued, the valve 
will oscillate for several values of reflector potential, the 
transit time being 1}, 2}, 3}, . . . cycles. A valve oscillat- 
ing with any particular value of n is said to be operating 
in the n} mode, the valve operating in each mode over a 
range of reflector potentials which cause the valve to start 
oscillating, rise to a maximum as the phase condition 
is satisfied, and then fall off again to zero. As the reflector 
potential is increased from zero to a high negative value, 
the power output characteristic is, therefore, as shown in 
Fig. 2. In setting up a reflex klystron, the reflector poten- 
tial must be adjusted so that the valve is operated in the 
chosen mode, and the potential required will depend not 
only on the mode but on the frequency, since the transit 
time will vary with frequency. 

The second condition that must be satisfied for maximum 
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power output is that the bunching must be as efficient as 
possible, i.e. the current density in the bunches must be as 
high as possible. At any particular time after modulation, 
the degree of bunching will depend on the relative velo- 
cities of the electrons in the beam (the degree of velocity 
modulation). Since the transit time is determined by the 
condition that the phase-angle of the returning beam shall 
be correct, optimum bunching can only be realized by 
adjusting the degree of velocity modulation to some suit- 
able value. The degree of velocity modulation depends on 
the r.f. field in the resonator, so the bunching can be 
adjusted to the optimum value by varying the r-.f. field. 
In practice, this is done by adjusting the coupling to the 
load until the power output is a maximum; increasing the 
load decreases the effective resonator impedance and 
reduces the rf. field. Since the valve oscillates most 
efficiently with a high r.f. field at the gap, requiring a low 
bunching time, the valve is usually more efficient for lower 
reflector modes, as is seen in Fig. 2, where the peak power 
in each mode decreases as the mode number increases. 
The bunched electron beam corresponds to the ampli- 
tude modulated team of a negative grid oscillator, but it 


n=3 
n=4 
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A More 
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Fig. 2. Power output—teflector potential characteristic 








should be noted that in a reflex klystron the amplitude 
distribution of charge along the beam does not follow a 
sine or cosine law. A detailed mathematical treatment 
shows that the modulated beam contains the fundamental 
frequency and an infinite number of harmonics, the ampli- 
tude coefficients being given by a Bessel function of the 
first kind. Of these, only the fundamental is of importance, 
since the r.f. losses in the resonator are too great for the 
harmonics to be sustained. 


Tuning 
MECHANICAL TUNING 


To change the frequency of oscillation, the resonant 
frequency of the resonator must be changed, and this can 
be done in two ways. In the first, the capacitance at the 
resonator gap is varied by physically moving the two ends 
of the cavity apart. The tuning rate is very high, typically 
500Mc/s for 0-00lin movement of the gap, so that a very 
accurate slow motion mechanism is required. The tuning 
mechanism should not show hysteresis (i.e. after traversing 
the full tuning range the frequency should return to its 
original value as the tuner is returned to its original posi- 
tion); it should be rugged, non-microphonic, insensitive to 
temperature or atmospheric pressure changes, and prefer- 
ably inexpensive to manufacture. With all these require- 
ments in mind, it is not surprising that the design of this 
type of tuning mechanism is one of the most difficult parts 
of the design of oscillators, and has probably not yet been 
satisfactorily solved. The second method of tuning is to 
alter the inductance of the resonator, either by changing 
the effective diameter or by introducing material of a 
different dielectric constant. Many early klystrons had large 
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diameter screws which entered the resonator wall radially 
to change the effective diameter, and wide-range tuning 
devices have been produced in which part of the outer 
walls of the resonator are formed cf movable arms, the 
lack of circular symmetry apparently having little effect 
on the electrical performance of the valve. A third method 
of mechanical tuning is to tune a close-coupled external 
resonator and so pull the frequency of the klystron cavity. 
Since the external resonator design is not restricted by con- 
siderations of beam coupling, and since it is not in vacuum, 
the mechanical problems are much less difficult than the 
gap capacitance tuner to which it is essentially similar. 
Some loss of valve performance is to be expected, but the 
improvement in tuner properties, especially in simplicity 
and ruggedness, is so great that the sacrifice of electrical 
properties is worth while. 

In general, the wider the tuning range demanded from 
a valve, the more difficult, and expensive, will be the 
design of the tuner. Except for bench oscillators, where 
a wide frequency range is obviously necessary, the tuning 
range demanded from the valve should be no greater than 
is required for the particular application. 


ELECTRONIC TUNING 

If the transit time in the reflector space is varied slightly 
from the optimum, by means of a change in reflector 
potential, the bunches of electrons will no longer return in 
the correct phase and the beam may be said to have a 
reactive component. Since the frequency of oscillation is 
determined by the condition that the total reactance of the 
beam and cavity must be zero, the frequency of oscillation 
must change. This frequency change results in some ampli- 
tude modulation, because of the increased resonator losses, 
but tuning ranges of the order of 4 per cent can be achieved 
between the points where the output falls to 50 per cent of 
its peak value (the so-called half power points). This elec- 
tronic tuning of the reflex klystron is one of its most useful 
characteristics, since the tuning is effected by the high 
impedance reflector electrode, and low modulating powers 
are required. 

The electronic tuning range varies with the cavity load- 
ing and with the reflector mode; in general, the higher the 
loading and the higher the mode, the greater the electronic 
tuning. Since the valve efficiency is normally less at the 
higher reflector modes, some compromise in design is 
necessary between power and electronic tuning. 


HYSTERESIS 


One of the problems encountered in the use of electronic 
tuning is that of hysteresis, i.e. the multiple dependence of 
power and frequency on reflector voltage. A typical example 
is shown in Fig. 3. As the reflector voltage is increased, the 
power gradually falls off to zero; as the reflector voltage is 
then reduced, the power curve does not follow the original 
curve, but suddenly jumps into oscillation as shown in the 
figure. The frequency may vary continuously or may have 
discrete jumps, depending on the cause of the hysteresis. 

One of the worst causes of hysteresis, multiple electron 
transits through the resonator gap, is well understood, and 
is under the control of the valve designer. In a well designed 
valve, any hysteresis present should not approach the half 
power points, and hence will not affect the practical perfor- 
mance of the valve. Other causes of hysteresis, however, 
are under the control of the valve user. If the valve is 
mismatched into the guide, or if a mismatched load is used, 
especially if the line is of considerable length, hysteresis 
or frequency jumping can be expected. A more trouble- 
some cause of hysteresis arises where the resonator can 
support more than one mode of oscillation (i.e. is resonant 
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at more than one frequency), and the reflector potential 
for both modes is nearly the same. The transitions from 
one mode to the other will occur at different points, depend- 
ing on the direction of change of reflector potential. The 
effect is more confusing since the receiver may not be 
sensitive to the frequency of one of the modes, and the 
observed effect can then easily be confused with multiple 
transit hysteresis. If the cavity design cannot be modified 
to eliminate the unwanted mode, some form of mode sup- 
pression must be used, which will absorb energy from the 
unwanted mode, but not from the required mode. 


Klystron Design 
TYPE OF RESONATOR 

The resonator of a reflex klystron may be totally en- 
closed within the valve envelope (internal resonator), the 
power being extracted through a vacuum sealed concentric 
line or through an insulated waveguide output window. 
Alternatively, the upper and lower walls of the resonator 


REFLECTOR POTENTIAL 





Fig. 3. Typical example of hysteresis 


may be sealed through the envelope (disk seal construction), 
so that part of the resonator is external to the valve and 
is available for tuning and power extraction. 

The advantages of the totally enclosed resonator are 
that it has less r.f. loss, and the mechanical design of the 
valve is simplified, particularly where the all-metal valve 
construction is used; for very high frequency valves where 
the resonator is very small, this is the only possible con- 
struction. The main disadvantage is the difficulty of extract- 
ing power from the resonator. The use of a concentric line 
output is not entirely satisfactory, since it is not possible 
to control the coupling accurately, with the result that 
provision must be made for matching the valve into the 
waveguide to achieve optimum operating conditions. With 
a waveguide output, the matching from valve to valve can 
be held quite accurately, and is set by the valve designer so 
that, when feeding into a correctly terminated waveguide, 
the valve is working under optimum conditions. This is 
particularly important in military applications, where ad 
justments must be reduced to a minimum. 

If the disk seal construction is used, the problems of 
power extraction and tuning are greatly simplified; the 
main difficulty is of r.f. loss in the part of the glass 
envelope that lies within the cavity. One method of reduc- 
ing this is to Operate the cavity in a harmonic node, such 
that the glass is located at a voltage mode. This technique 
has the additional merit of increasing the diameter of the 
cavity, so that the physical dimensions of the envelope 
need not be too small. It may, however, still cause some 
loss of efficiency, and, since a harmonic cavity can support 
several modes, it may introduce the possibility of mode 
interference in the tuning characteristic. 

The use of a disk-seal valve makes possible the design 
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of plug-in valves, in which the external part of the cavity 
is not integral with the valve, but is considered as part of 
the microwave ‘plumbing’. In the valve, the resonator 
diaphragms are formed of two copper pressings sealed into 
the glass envelope, and are suitably shaped to enable con- 
tact to be made to the external cavity. This technique of 
making the valve a plug-in replacement, independent of 
the main cavity, has several advantages: 


(a) The resonator and tuning mechanism can be designed 
for the particular application required, and hence 
can be designed more efficiently. 

(b) Considerable economy results from the fact that 
valve replacement does not involve replacement of 
the expensive cavity and tuning mechanism. 

(c) One valve will cover a wide variety of applications, 
leading to more economical manufacture and stores 
maintenance. 


On the other hand, the valve must be tested by the 
manufacturer to much closer limits, since it may be required 
to operate in many different types of cavity. 


Typical Reflex Klystrons 

A list of reflex klystrons of British manufacture has been 
published’, and no attempt is, therefore, made to summarize 
the characteristics of the many types available. Instead, 
three valves will be described, which will illustrate the 
electrical characteristics and different methods of physical 
construction described earlier. The R5146 is an internal 
cavity valve; the R5222 is a disk-seal plug-in valve, both 


designed for use in radar receivers and for general bench 
work. The third valve, the R6010, was designed for use as 
the transmitting valve in an f.m. centimetric radio link, 
and is an example of a high-power oscillator in which 
particular attention has been paid to the linearity of the 


electronic tuning characteristic 
VALVE Type R5146 


The R5146 was designed for the 8-Smm microwave band, 
and is an example of a valve design suitable for the highest 
frequency for which reflex klystrons are available. The 
essential electrode structure of the valve is shown in Fig. 
4; the complete valve is shown in Fig. 5. 

The resonator cavity, which is approximately 3mm in 
diameter and Imm high, has a 0-020in aperture through 
which the electron beam must be focused and returned after 
reflection. If the aperture is appreciably larger than this, 
the coupling between the resonator and the beam is reduced, 
with a corresponding loss of efficiency. The size of the 
resonator aperture sets a lower limit to the resonator poten- 
tial required for efficient operation. As the potential 
is decreased, not only is the coupling between the beam 
and the r.f. field decreased, but less of the initial beam 
returns through the gap because of mutual electron repul- 
sion in the beam (space charge spreading). In the R5146, 
the resonator potential is 2kKV, a 10mA beam being used. 

Power is extracted through a slot in the outer wall of 
the resonator, a tapered waveguide providing a smooth 
transition to standard Q-band guide. The problem of trans- 
mitting the power through the metal valve envelope is 
solved by the use of a glass window designed so that a 
standing wave ratio of better than 1-2 is achieved over the 
operating frequency range; ditched chokes are used to pre- 
vent leakage of power where the internal and external wave- 
guides face the window. The valve is tuned by changing 
the gap spacing mechanically. An external screw and lever 
mechanism is connected, through a flexible diaphragm at 
the top of the valve envelope, to the reflector support 
which, in turn, is connected to the flexible upper surface 
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at earth potential. 
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Fig. 4. Essential electrode structure of valve type R5146 


Fig. 5. Photograph of valve type VX5023 


of the cavity. The coupling between the cavity and the 
Output waveguide is set by the dimensions of the output 
slot, and is designed so that, when the output power is 
fed into correctly terminated Q-band waveguide, the valve 
is adequately matched over the operating frequency range. 
The only adjustment required in setting up the valve is, 
therefore, to set the frequency and to adjust the reflector 
potential for the optimum power. Two reflector modes are 
normally used (n = 4 and 5). In the 4} mode the out- 
put power is typically 50mW, the electronic tuning range 
60Mc/s, and the reflector potential —350V. In the 5} 
mode, the power is typically 30mW, the electronic tuning 
range 90Mc/s, and the reflector potential —225V. The 
mechanical tuning range is approximately 15 per cent of 
the nominal frequency. (To cover a wider frequency range, 
modifications to the cavity design must be made, and a 
range of valves is available covering 7-5 to 12-5mm.) Over 
the tuning range, the reflector potential, in the 53 mode, 
changes from -—190 to -—250V in a linear manner, while 
the electronic tuning rate is of the order of 2Mc/s/V. 
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VALVE TyPE R5222 

The R5222 is a 3-2cm 
(X-band) general pur- 
pose reflex klystron 
8 with an external 
resonator cavity. The 
physical dimensions of 
of an X-band resonator 
are sufficiently great 
to enable a reia- 
tively large resonator 
aperture to be _ used, 
the beam coupling being kept high by the use of grids 
across the two resonator apertures. Because of the large 
apertures, a low impedance electron beam can be used, 
30mA at 300V, so that d.c. supplies for the valve can 
conveniently be supplied from normal power packs. The 
power output from the valve, operating in the 4} mode, 
is typically 50mW, with an electronic tuning range of 
15SMc/s; the tuning sensitivity being 0-45Mc/s/V. By a 
modification to the design of the cavity, the electronic 
tuning range may be increased to 30Mc/s, with little or 
no loss of power, although the mechanical tuning range 
is restricted. The nominal frequency range of the valve, 
in suitable cavities, is 8500 to 10000Mc/s although, 
experimentally, the valve has oscillated from 5000 to 
12 000Mc/s. 


Special efforts have been made to ensure that the elec- 
trical characteristics are reproducible from one valve to 
another. The limits within which 90 per cent of all valves 
would be expected to fall are approximately as follows: 
+11mW 
+33Mc/s 
+16V 
+0-08Mc/s 





LLY 














Power 


Frequency (in standard cavity) 


Reflector potential 
Electronic tuning rate 


Control of characteristics to such fine limits means that 
very little adjustment need be made when a valve is 
changed in an equipment. Ideally, no adjustment should 
be necessary, and efforts are continually being made, both 
in valve design and in accuracy of manufacture, to reduce 
the spread in electrical characteristics. 

The R5222 is a plug-in valve, and hence must be inserted 
into a suitable cavity before it will oscillate. A range of 
cavities has been designed for the valve, but it is antici- 
pated that the user will, in general, want to design special 
cavities for specific applications. A fuller account of cavity 
design for this valve is available‘, and only a brief outline 
of the possible types of cavity will be given here. 

The lower conical resonator electrode (or ‘ copper.’) is, 
in use, clamped between matching surfaces, so that a low- 
loss r.f. connexion is made, and, at the same time, the 
valve is located in the external cavity. Contact to the upper 
copper is made by specially designed spring fingers. The 
external cavity may take the form of a concentric line 
or a radial line, the length of the line being (2k + 1) A/4 
where k is 0, 1, 2, 3, . . . The choice of the value of k 
used will depend on the frequency of operation required, 
and on the physical limitations of the cavity design. In 
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general, k should be as low as possible, to maintain valve 
efficiency and reduce the possibility of mode interference 
At the centre of the operating frequency range, the valve 
is designed to operate in a harmonic cavity, with k = 1, 
the voltage node being located near the glass envelope to 
prevent r.f. losses. 

The radial line cavity is less suitable for very wide tuning 
ranges than a concentric line cavity, but is simpler mechani- 
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Fig. 6. Fixed frequency cavity for valve type R5222 











Fig. 7. Tunable cavity for valve type R5222 


cally and easier to design. A simple fixed frequency cavity 
is shown in Fig. 6. The clamping piece for the conical 
copper and the spring fingers for the cylindrical copper 
can clearly be seen, together with the coupling iris anci 
waveguide output. A simple tunable cavity is shown in 
Fig. 7. The tuning is effected by inserting a ceramic rod 
into the resonator, the higher dielectric constant of the 
rod causing a reduction in frequency. A micrometer screw 
thread gives a precise and simple tuning control. A tunable 
cavity for wider frequency bands is shown in Fig. 8. The 
two movable side arms are of the non-contacting type, 
choked to prevent losses. Up to 20 per cent tuning range 
can be obtained with this type of tuner, which is very 
suitable for general bench measurements. With the con- 
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centric line cavity. the length of the line is varied by means 
of a non-contacting piston, and the resonant frequency of 
the cavity can be varied over very wide limits. Where 
extremely wide tuning ranges are essential, concentric line 
cavities are to be preferred, but their main disadvantages 
are the increased difficulty in arranging coupling to a wave- 
guide, the greater possibility of mode interference, and the 
increased mechanical complexity. 
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Fig. 8. Wide-band tunable cavity for valve type R5222 


In designing a cavity for a plug-in valve such as the 
R5222, the following rules should be observed: 


(a) Choose a symmetrical structure. 

(b) Use the simplest approximation to a resonant line, 
k being kept as low as possible. 

(c) Use the simplest possible form of tuner, with as small 
a tuning range as possible. 

(d) Avoid unnecessary r.f. losses, both in the cavity and 

the contacts. 


VALVE Type R6010 

The R6010 was designed specifically for use as an f.m. 
transmitting valve, where output powers of the order of 
5W are required, and where the reflector voltage-frequency 
characteristic must be linear in order to prevent distortion 
and inter-channel modulation. A cross-section of the valve 
is shown in Fig. 9. The resonator must dissipate 100W of 
power and is, therefore. made an integral part of the valve 
envelope to facilitate cooling. The use of a harmonic 
resonator would impair efficiency and electronic tuning 
range, so the disadvantages of an internal resonator must 
be accepted. Power is extracted via a loop and concentric 
line, although a later version of the valve, for a somewhat 
higher frequency, has been developed with a waveguide 
output. The earlier electron optical design of gun and 
reflector allowed some multiple electron transits, so the 
hysteresis was present; this has now been corrected by a 
re-design of the gun. The valve is capacitance tuned, a 
differential screw mechanism providing the slow motion 
drive required to change the resonator gap. 
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Typical electrical characteristics of the valve are as 
follows: 

Mechanical tuning range 
Resonator potential 
Resonator current 
Reflector potential 
Electronic tuning range 
Tuning rate 


4 400 to 4 800Mc/s 
700V 
140mA 

275V 
50Mc/s 
0-25Mc/s/V 
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Fig. 9. Cross-section of valve type R6010 


The frequency range, over which the tuning rate varies 
by 1-2/1 is 15Mc/s. The linearity of the tuning charac- 
teristic is dependent on the matching into the guide, the 
standing wave ratio of the load, and on which part of the 
reflector characteristic is used. Since the optimum linearity 
is not always achieved under the conditions for maximum 
power output, some slight sacrifice of power may be neces- 
sary if the utmost linearity is required. 


Practical Operation 
PowER SUPPLIES 

For general microwave bench testing, it is convenient 
to have a power pack which is sufficiently flexible to be 
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useful for a wide range of valves. The following supplies 
are suggested : 
Heater. 4 to 8V a.c. continuously variable, 
rated at 1-5SA. Transformer insu- 
lated for SOOV. 
150 to S5OOV, d.c. rated at 60mA, 
positive earthed, negative to 
cathode. 
0 to SOOV, d.c. rated at ImA, posi- 
tive connected to cathode. Trans- 
former insulated for IkV. 


As for reflector. 


Resonator. 


Reflector. 


Cathode screen. 


The degree of smoothing required will depend on the 
type of measurement being made. If the frequency variation 
with reflector potential is taken as 1Mc/s/V, and the 
variation of frequency with resonator potential as 
0-25Mc/sV, a reasonable estimate of the permissible ripple 
can be made. 


REFLECTOR SCANNING 

For many measurements, it is useful to have a pulsed 
output from crystals, wavemeters, or standing wave detec- 
tors, since an a.c. amplifier and oscilloscope presentation 
can then be used. A convenient method of doing this is 
to modulate the reflector supply with a 500c/s sine wave 
of amplitude sufficient to scan through one or more com- 
plete reflector modes. The oscilloscope picture will then 
show the reflector modes as in Fig. 2, so that details of 
mode shape, hysteresis, etc., can be observed. If two inputs 
are available to the amplifier, the wavemeter output can 
be superimposed on the power output curve, and fre- 
quency or electronic tuning properties can readily be 
checked. 


OPERATING PRECAUTIONS 


The reflector of a reflex klystron should never be 
allowed to be positive with respect to the cathode, since 
this would enable the beam to bombard the reflector, 
possibly resulting in valve softness. For this reason, the 
maximum impedance in the reflector supply must be kept 
below the figure laid down by the manufacturer; in a 
high-power valve such as the R6010, it is advisable to use 
a diode clamping circuit to prevent the reflector from going 
positive. 

The lives of reflex klystrons should be comparable with 
normal valves, and the user should employ the usual pre- 
cautions to ensure long life. The heater voltage rating 
should never be exceeded, and may sometimes be slightly 
reduced to increase life. Maximum ratings should not be 
exceeded, and cooling the valve by means of an air flow 
is a definite advantage, even if cooling is not specified by 
the manufacturer. 


Acknowledgments 
The author is indebted to the Directors of Electric 
and Musical Industries Ltd. for permission to publish the 
article. 
REFERENCES 


Grvzton, E. L., Harrison, A. E. Reflex-Klystron Oscillators. 
Radio Engrs. 34, 97 (1946). 


. Barrorp, N. C., BowMaN-MANiroLD, M. Elementary Theory of Velocity- 
Modulation Oscillators. J. Instn. Elect. Engrs. 94, Pt. 3, 302 (1947). 


. Worstey, P. K. Electron-Tubes for Microwave Applications. Brit. Commun. 
Electronics. 3, 606 (1956). 


. Pearce, A. F., Kreucuen, K. H., Baron, C., HouLpina, N., Ratciirre, S. 
Plug-in Reflex Klystrons for Microwaves. J. Electronics Contr. 3, 535 (1957). 
GENERAL REFERENCES 
Klystrons and Microwave Triodes. M.1.T. Radiation Laboratory Series. Vol. 7. 
(1948). 


Proc. Inst. 


Beck, A. H. W. Velocity-Modulated Thermionic Tubes. (Cambridge University 
Press, 1948). 


MAY 1958 











MULTI-CAVITY KLYSTRONS 


By V. J. Norris*, B.Sc. 


A review is given of the factors determining the gain, efficiency and bandwidth of multi-cavity 
klystrons, together with results which have been achieved in practice. Recent applications and 
possible improvements are also briefly discussed. 


B eee the use of reflex klystrons as local oscillators 
is the best known application of klystrons, it is perhaps 
in the use of klystrons as amplifiers that the greatest 
advances have been made in recent years. 


Until comparatively recently. the magnetron was used 
exclusively when a high power source was required at 
microwave frequencies. The use of amplifier klystrons to 
provide very high levels of power was first demonstrated 
at Stanford University’. Using a three-cavity klystron a 
peak power of 20MW was achieved at a frequency of 
3000Mc/s with an efficiency of 35 per cent. This was in 
excess of the peak power which had been achieved previously 
by any other means. 

The ability of the klystron to provide higher peak and 
mean powers than the magnetron is due to the different 
geometry. In the klystron the cathode and beam forming 
region, the structure and the collector are separate and 
independent regions. The only function of the collector is 
to dissipate energy and so it can be of any shape and size 
depending on the requirement. In the magnetron, on the 
other hand, the three regions are interdependent with the 
net result that the achievable power is severely limited. 
The klystron has a number of other advantages over the 
magnetron; it is used as an amplifier and hence is much 
more suitable for coherent systems, its mechanism is better 
understood, and there is no problem comparable with that 
of moding in the magnetron. Against these advantages must 
be set the disadvantage of increased size and weight, greater 
complexity, increased beam impedance leading to higher 
potentials and the somewhat reduced value of efficiency 
generally obtained. 


The principle of using more than two cavities has been 
extended still further and valves have been produced using 
up to six cavities and giving very high values of gain. 


In the following sections the factors which determine the 
gain, efficiency and bandwidth of amplifier klystrons are 
enumerated. This is followed by a discussion of the applica- 
tions made possible by recent advances. 


Gain in Multi-Cavity Klystrons 


In the early stage of a multi-cavity klystron the space 
charge forces are high in relation to the bunching forces. 
The modulus of the r.f. current, !i-;! due to any gap volt- 
age then varies sinusoidally down the drift tube and may 
be calculated from the space charge wave theory of Hahn? 
and Ramo® as 


lie} ce 1,.X sin hl 


* Mullard Research Laboratories 
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where h is the modified debunching wave number, X is the 
bunching parameter, / is the drift length and /, is the beam 
current. 


It can then be shown that the gain of an unloaded two- 
cavity klystron stage is given by 
2-8 x 10-" 8*Rr’K*f* sin’ hl 


where Rr is the cavity impedance due to both cavity losses 
and beam loading, 8 is the beam coupling factor, K is the 
beam perveance and f is the frequency. 


Equation (2) shows that there is an optimum spacing for 
maximum gain per stage given by a drift length such that 
hl = x/2. The maximum gain per stage is then given by 


pe = 28x 10-9 PRR 


From equations (2) and (3) the synchronous, narrow-band 
gain of a multi-cavity klystron is readily determined in 
terms of G and the advantage of using extra unloaded 
cavities to produce high gains becomes apparent. For a two 
cavity valve the gain is G/4. The factor of 1/4 is due to the 
necessity to load the output cavity in order to extract 
power. A two stage valve containing three cavities will 
have a gain of 1/4 G*. Thus by adding only one extra cavity 
the gain when measured in decibels is more than doubled. 


The VX8507 shown in Fig. 1 provides an example of the 
improved performance which may be obtained by adding 
cavities. An experimental two-cavity valve gave a gain 
of 13dB. The normal five-cavity version* has produced a 
gain in excess of 70dB, at a frequency of 9 375Mc/s. 


In general, the maximum useful gain which can be 
obtained is determined either by the signal-to-noise ratio at 
the output or by the onset of oscillation which is usually 
caused by the return of fast secondary electrons from the 
output region. 


Efficiency 


In many applications for which the klystron is par- 
ticularly suitable, such as transmission of radio signals 
by means of high power tropospheric scatter, the efficiency 
of the klystron is of great importance. Basically, the bunch- 
ing mechanism has a high efficiency, though it is not 
possible to write down an exact expression for the efficiency, 
owing to the difficulty of predicting the r.f. current in the 
beam. To a good approximation, however, the r.f. current 
in the beam is given by‘ 

eee (* sin (Al) 
Ir Ted hi 
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which gives a maximum bunching efficiency of 58 per cent 
when X sin(A/) = 1°84. 

It is possible to increase the bunching efficiency. still 
further by bunching with more than one cavity. For 
example, in a three-cavity klystron, by tuning the centre 
cavity to a higher frequency than the first cavity, the two 
bunching voltages may be so adjusted that they are in 
phase; the bunching efficiency is then increased to 
80 per cent’. 

In practice these values of efficiency are not achieved. 
At low power levels the r.f. current in the beam is in- 
sufficient to raise the output gap voltage above the beam 
voltage. The optimum load impedance is then equal to the 
cavity impedance, giving a maximum output circuit 
efficiency. of only 50 per cent, half the available power being 
dissipated in the output cavity. At high power levels the 


Fig. 1. 


A high-gain X-band multi-cavity klystron amplifier 
fia 


(Mullard development type VX8507) 


circuit efficiency approaches unity as the output load is 
increased in order maintain the gap voltage at about the 
beam voltage. However, due to space charge debunching 
and other effects, these figures are not achieved even at the 
highest power levels and the klystron, as at present 
developed, has a somewhat lower efficiency than the mag- 
netron. Values of up to 50 per cent are quoted by 
manufacturers for some high power tubes used for scatter 
propagation. 


Bandwidth 


Although the amplifier klystron is inherently a narrow 
band device compared with the travelling-wave tube, very 
useful bandwidths may be obtained by suitably stagger- 
tuning the cavities in a multi-cavity valve. The bandwidth 
is adequate for many. applications, such as the propagation 
of television signals or telephony. There are occasions, how- 
ever, when the maximum attainable bandwidth is required. 
If all the cavities are assumed to have the same value of 
unloaded Q. Q., and are tuned to the same frequency, fa, 
the bandwidth to half power points is given by 


C is a constant determined by the number of cavities. (For 
five cavities C = 0-46). This synchronous bandwidth will 
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be many times be many times less than that which can be 
achieved by stagger-tuning the cavities, since in the syn- 
chronous case the overall bandwidth is determined mainly 
by the unloaded cavities. On stagger-tuning, providing that 
enough cavities are used, the achievable bandwidth is deter- 
mined by the heavily loaded output cavity. The product of 
the efficiency, » and the bandwidth B is then given by 
F = 7B = KB? (1o/V.(R/Q) 
where k is the ratio of /i-.+| to Jo. 


In general the load is adjusted to give maximum efficiency 
and the bandwidth is then determined by the parameter 
B°U./V.MR/Q). Both the value of R/Q, for the optimum 
shape of output cavity, and the value of 8, the coupling 
factor, increase with decreasing beam and cavity nose 


Fig. 2. A high-power X-band multi-cavity klystron amplifier 
(Mallard development type VX8514) 


diameter. Since the beam diameter can be reduced and the 
beam conductance, /,/Vo, increased only if the focusing 
magnetic field is increased, the maximum value of the para- 
meter 6°(/,/V.)(R/Q) is determined mainly by the magnetic 
field. The percentage bandwidth available for a given mag- 
netic field increases both with power level and with the 
wavelength. The VX8514 shown in Fig. 2 is an example of 
a six-cavity klystron designed to give a peak power output 
of 0-25MW at X-band. In order to achieve a bandwidth of 
1 per cent at this frequency a field of 2 000 gauss is required. 
The permanent magnet for this valve weighs over 200 lb, 
but there are promising methods by which the overall 
weight and size of the permanent magnet in such a valve may 
be reduced. Among these are the possibilities of using new 
permanent magnet arrangements or using lightweight 
aluminium foil coils. 


Broadband Tuning 


The previous section gave an account of the limitations 
imposed by the output cavity on the bandwidth of a multi- 
cavity klystron operated under conditions of high efficiency. 
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There still remains the problem of determining the resonant 
frequency distribution of the cavities which is required to 
produce this bandwidth. 


If the frequencies of the cavities are not offset too far 
from the synchronous condition and if the gain per stage is 
high enough, then each stage may be considered indepen- 
dent of the other stages and the behaviour is then analogous 
to that of a conventional amplifier. If the cavity Q’s can be 
adjusted, the tuning and loading of the: cavities may be 
carried out by: establishing methods such as Butterworth’s 
and Chebichev’s method for i.f. amplifiers. It is then pos- 
sible to discuss the gain bandwidth product for a given 
distribution. However, in practice, the loading of the 
cavities is not adjustable, and the stages are not independent. 
The major inaccuracy involved in considering the behaviour 
of a conventional i.f. amplifier analogue is caused by the 
fact that in a multi-cavity klystron the driving current at 
any cavity is made up of the vector sum of current pro- 
duced by the voltages on all previous cavities and not the 
voltage on the previous cavity alone. 


As the amount of broad-banding increases, the import- 
ance of the contributions to the total current by the earlier 
stages increases and the simple approach outlined above 
must be modified. To a close approximation it can be 
shown that the overall effect on the frequency response is 
to add two absorption resonances to the conventional gain- 
frequency curve’. The effect of these unwanted resonances 
can be minimized by placing the cavities a quarter plasma 
wavelength apart, the voltage at any gap will-then produce 
no r.f. current two cavities further on. Also, by suitably 
stagger tuning the cavities it is possible to counteract the 
resonances to some extent. 


The net result of all this is that broad-banding klystrons 
is a somewhat empirical procedure. The various analyses 
enable one to predict the bandwidth which can be achieved 
and how many cavities are required to do this. In practice, 
providing a suitable swept source for driving the valve is 
available, the output versus frequency curve may be viewed 
on an oscilloscope and broad-banding the valve is then 
neither a lengthy nor a difficult procedure. 


Applications 
TROPOSPHERIC SCATTER 


In recent years it has been found that the distance over 
which useful signals can be propagated is not limited by line 
of sight®. Using tropospheric scatter, signals can be trans- 
mitted over a wide frequency range up to at least 
10 000Mc/s. The attenuation increases rapidly with distance 
but is relatively independent of frequency. Despite the 
existence of multi-path transmission leading to fast fading, 
useful bandwidths of a few megacycles per second may be 
obtained, provided that narrow beam aerials are used. This 
fact makes possible a number of applications, particularly 
in the field of point to point communication over distances 
of several hundreds of miles. In fact, the first direct com- 
mercial telephone link by tropospheric scatter over a 
distance of 380km has recently been announced’. 


Klystron amplifiers are particularly suitable as trans- 
mitters for this application in which as much power as 
possible is required. Since, by using enough cavities, the 
gain of the amplifier klystron can be made very large, the 
required power could be obtained with a reflex klystron 
providing the driving power. The multi-cavity klystron will 
also give the required bandwidth for this “pplication. A 
number of valves have been made, and are available, giving 
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10 or 20kW of c.w. power with gains up to S50dB, at fre- 
quencies from a few hundred megacycles up to several 
thousand megacycles per second. 


Such tubes are also used for broadcasting high power 
u.h.f. television signals. 


STABLE SOURCES AT MICROWAVE FREQUENCIES 


Another application of multi-cavity klystrons arises when 
a very stable source at microwave frequencies is required. 
This requirement arises in many radar and other applica- 
tions. The best known method of meeting this requirement 
is that of multiplying the frequency from a crystal- 
controlled oscillator using conventional valve circuits and 
following this by a frequency-multiplier klystron. This 
system is bulky and the stability of the output is reduced 
due to instabilities introduced in the conventional frequency 
multiplication stages. By using an amplifier klystron having 
very high gain a much simpler system is possible. By driving 
a VX8507 with the 31* harmonic from a silicon crystal 
driven at 300Mc/s up to 1 Wof crystal-controlled power may 
be obtained at 9 300Mc/s. 


Improvements 


Though the klystron is established as a practical device 
there are still a number of desirable improvements. Perhaps 
the biggest disadvantage of the klystron is its high beam 
impedance, which means that at a given power level the 
beam voltage is high and that in a pulsed application there 
is a modulation problem. A great deal of work is going on 
to develop electron guns giving a higher value of current 
at a given beam voltage. Where the mean power is high, 
the modulating power required may be reduced by isolating 
the anode from the body and collector. The current inter- 
cepted by the anode is small and the modulation power is 
reduced. In some cases where the mean power is low it is 
possible to use a grid for modulating purposes. The grid is 
normally run negative and the valve is switched on by 
applying a positive pulse to the grid. 


For some applications the bandwidth of the klystron is 
too low. It is possible to increase the bandwidth, which 
is limited by the output circuit, by using coupled cavities as 
the output circuit and this approach may give an appreciable 
increase in bandwidth. 
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Coaxial-line 
Velocity Modulated Oscillator Valves 


By D. E. Lambert* 


The principle of operation of the coaxial-line velocity-modulated oscillator valve is described 
together with a discussion of the advantages and limitations when compared with other v.m. oscil- 
lators. A description is given of the use of this type of valve in various equipments operating in 


the 800 to 5000Mc/s frequency range. 


A list of valves which are in current manufacture is 


included giving operating details and performance. 


HE type of velocity-modulation oscillator to be described 

uses a coaxial-line resonator as part of the velocity modu- 
lation system to generate microwave power. Work on this 
type of valve was started in the laboratories of Standard 
Telephones and Cables Limited in 1938 and active develop- 
ment has continued ever since. In 1939 sealed-off non-tunable 
valves achieved an output of a hundred milliwatts or so at 
frequencies in the region of 2500Mc/s. During the war 
years this type of valve was used in signal generators, wide- 
band search receivers, some experimental radar equipment 
and in a radio-link for military use. 


Since 1946, it has been actively developed to fulfil a number 
of roles, mainly in the Company’s microwave radio link 
systems in the 3600 to 4200Mc/s and 4400 to 5000Mc;/s 
frequency bands. 


Principles of Operation 

The essential requirements for a velocity modulated 
oscillator are one or more gaps in a resonator system for 
interaction between electron beam and r.f. fields and adequate 
coupling between these gaps, if more than one is used, to 
sustain oscillations. In the coaxial line resonator used for 
this type of valve, two gaps are used one on either side of the 
centre conductor, between inner and outer conductors, see 
Fig. 1, and the electron beam is projected across a diameter 
perpendicular to the resonator axis. The electric fields in the 
two gaps are equal in magnitude but opposite in phase, and 
as they form part of the same resonant circuit, the coupling 
between them is unity. The valve operates in the single- 
transit mode, the electron beam traversing the resonator 
once. Velocity-modulation occurs in the first gap, electron 
bunches forming in the drift-tube separating the gaps, i.e., in 
the inner conductor, and energy is abstracted from the 
bunched beam in the second gap. The beam is collected 
on an anode external to the resonator. The valve resonator 
is.coupled to another circuit, external to the valve envelope, 
which serves as a means of tuning the frequency of the 
oscillator and from which the generated r.f. power can be 
coupled. 


There are two methods of changing the oscillatory fre- 
quency of a v.m. oscillator, mechanically and electrically. 
For mechanical tuning, the physical constants of the circuit 
coupled to the valve resonator are changed so as to aifect 
the resonant frequency, and the coupling between valve 
resonator and tuning circuit is dependent on the amount of 
tuning required. The mechanical-tuning range of this type 
of valve can be made as much as 2:5: 1. For electronic- 
tuning, the susceptance of the bunched electron beam is 
changed by variation of the beam velocity, and this varies the 
resonant frequency of the valve resonator. The electronic- 
tuning range is limited and is usually around +4 per cent. 





* Standard Telephones & Cables Ltd. 
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Method of Construction 


The method of construction employed is similar on the 
valve types to be described and they only differ in detail. 
The three types of resonator assembly employed are 
illustrated in Fig. 2. In these drawings, the electron gun and 
anode assemblies have been omitted for clarity. 














DRIFT TUBE 








at lil 


RESONATOR 











AM 


Fig. 1. Cross-section of coaxial-line v.m. oscillator 


In Figs. 2(a) and 2(b) the centre-conductor supporting the 
drift tube is mounted on a short-circuit so positioned that 
there is a maximum of electric field in the interaction gap 
region. The two types illustrated in Fig. 2 differ in the 
manner in which the valve resonator is coupled to the external 
tuning-circuit. For wide mechanical-tuning range, or where 
electronic tuning is of secondary importance, the centre- 
conductor is extended beyond the outer conductor which is 
connected to a disk-seal and forms a means of coupling to 
the external circuit, see Fig. 2(b). The form of tuning 
circuit employed depends on the particular application, 
but the most common are the coaxial-line, shown in Fig. 3, 
and waveguide, shown in Fig. 4. 

When as much electronic-tuning range as possible is 
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required it is essential that the valve resonator operates on the 
fundamental mode, in this case A/4, and the output circuit 
is capacitively coupled to the drift-tube, see Fig. 2(a). The 
coupling is adjusted so as to obtain adequate mechanical- 
tuning range, and is usually much less than that obtained 
with the construction shown in Fig. 2(b). 

For valves to operate at frequencies below about 1 S00Mc/s, 
it is possible to support the drift-tube on an insulator, as 
shown in Fig. 2(c). The drift-tube is then at a voltage 


— CIRCUIT | 
COUPLING | 











| 


Fig. 2. Constructional details of coaxial-line y.m. oscillator 


maximum at all frequencies of operation, the coaxial-tuning 
circuit being connected between resonator disk and top 
cap, and the valve operating in the A/4 or 3A/4 circuit mode. 
To obtain good frequency stability the outer conductor of 
the resonator is usually made of copper which gives a good 
thermal path between drift-tube and resonator disk which 
is connected to the external circuit to provide a good heat 
sink. 
To take full advantage of the 
r.f. field in the coaxial line a 
strip electron beam is used, and to 
maintain the beam shape during pas- 
sage through the resonator a uniform 
magnetic field is used provided by a 
small permanent magnet. Adjust- 
ment is not made to the position of 
this magnet when replacing valves in 
equipment, as once having been set 


Typical Performance Characteristics 


The coaxial-line v.m. oscillator is characterized by low 
operating voltage, comparatively high efficiency and high 
stability. The low voltage and high efficiency are a direct 
consequence of the use of the single-transit mode of operation 
and a magnetically focused strip electron beam. To illustrate 
the kind of performance characteristics obtained, Figs. 5 
and 6 show power output and operating voltage versus 
frequency for a number of valve types designed to operate 
in the 700 to 5000Mc/s frequency range. 

Fig. 5(a) refers to a group of valves designed to cover the 
4400 to 5 000Mc/s band between them with around + 10Mc/s 
electronic tuning range. The operating cathode current in 
each case is 50mA, and the valves operate in a tuning circuit 
as shown in Fig. 4. 
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Fig. 3. Coaxial-line tuning circuit 


Fig. 6(a) shows the performance of a valve designed to 
have a wide mechanical tuning range, and operates in a 
coaxial line tuning circuit as shown in Fig. 3. The per- 
formance shown is for a d.c. input of 15W, except at the 
lower frequencies where the input is limited by the maximum 
permissible cathode current of 65mA. 

Fig. 6(b) shows the performance of a valve operating in 
the 700 to 1100Mc/s frequency band. The operating cathode 
current was 80mA, and it is to be ‘noted that the overall 
efficiency is in excess of 10 per cent over most of the band. 
The valve operates with a coaxial-line tuning circuit and the 
electronic-tuning range is about +24Mc/s between frequencies 
of 800 and 1 000Mc/s. 

Fig. 5(b) shows the performance of the latest valve to be 
designed for use in the 3600 to 4 200Mc/s communications 
band, and it can be seen that this valve delivers a power 
output in excess of 1W. The tuning circuit is of the wave- 
guide variety with coaxial-line output, and is illustrated in 


Fig. 4. Waveguide tuning circuit 
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seen punched in the resonator disk 
locate on pins on the magnet plate. 
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Fig. 8. All of these valves are conduction and convection 
cooled and do not require any air-blast cooling. 

The characteristics shown are for typical operating condi- 
tions but the cathode current, and hence the performance, 
can be varied by means of the voltage applied to the screen 
electrode of the electron gun. This current control has the 
added advantage that the r.f. performance of the valve can 
be maintained almost constant during the life of the valve by 
adjusting the screen voltage so as to keep the cathode current 
constant. 
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Fig. 5. (a) Power 
245C/1K and V249C/1K 


(b) Power output and operating voltage versus frequency for V238A/1K 
valve in waveguide tuning circuit 


A list of valves of this type in current production is given 
in Table 1. 


Comparison with other Types of V.M. Oscillator 

It is of interest to compare the characteristics and per- 
formance of the coaxial-line oscillator with other v.m. 
oscillators. In doing this, it is not intended to show that 
this type of valve is an answer to all the problems of the 
microwave system designer, but to show that it is comple- 
mentary to other types and to show the particular fields of 
application to which it is best suited. 


The other type of valve commonly used in microwave 
systems is the reflex klystron. This valve uses an electro- 
statically focused electron beam which leads to limitations 
in power input, especially at low voltages. In valves operating 
at comparable voltages to the coaxial line types described, 
the interaction gaps are usually gridded to keep the coupling 
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6. (a) Power output and operating voltage versus frequency for 
VIS3A IK (cv2190) ‘aioe ie in y h-1 4 tuning circuit 


(b) Power output and operating voltage versus frequency for V190C/1M 
valve in coaxial-line tuning circuit 


Fig. 


between electron beam and r.f. field sufficiently high. This, 
combined with the electron-optical problems of the reflector 
in returning the beam through the gap results in a lower 
fraction of the cathode current being used to generate power. 
The use of the magnetically focused strip electron beam in 
the coaxial-line tube permits higher current densities to be 
used and this combined with the single-transit mode of 
operation leads to higher efficiency. The absence of grids 
in the coaxial-line structure makes it less sensitive to dimen- 
sional changes and leads to a higher frequency stability. 

The mechanical-tuning ranges of the two types of valve are 
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similar. Although most reflex klystrons have built-in tuning 
mechanisms for convenience, external cavity valves are made 
with tuning ranges in excess of 2:1. In frequency ranges 
where the two types of valve can be compared from this 
point of view, the coaxial line valve usually operates with a 
shorter transit-time in the bunching region, which reduces 
the possibility of mode interference. 

There is a lot to be said for the use of external tuning 
circuits as they enable the circuit to'be tailored to a specific 
application and reduce the cost of the valve. 

The method of cooling the valve is of importance in some 
applications and if powers in excess of }W to $W are required, 
most reflex-klystrons will require some air blast cooling. Ali 
the coaxial line valves described in this article need no air- 
blast cooling for operations up to their maximum ratings. 

The major limitations to the coaxial line type of valve are 
the limited electronic-tuning range possible and the frequency 
range in which valves can be made to operate with an attractive 
performance. 

The frequency limitation arises because of the increasing 
losses in the coaxial line resonator as the frequency is raised 
which, coupled with the reduced physical length results in 
the performance falling rapidly above about 6 000Mc/s. The 


Fig. 7. ¥247C/1K and V238A/1K coaxial-line oscillator valves 


low frequency limit is set by physical size but the V190C/IM 


has been operated successfully at 600Mc/s. The reflex 
klystron has a similar low frequency limit but the high 
frequency limit is nearer 60 000Mc/s. 

The electronic tuning range of a v.m. valve is a function of 
both bunched electron beam and valve resonator character- 
istics. In the case of the reflex klystron, the amount of 
bunching that takes place is a function of both transit-time 
and reflecting field shape, enabling the bunching characteristic 
to be so adjusted that wide electronic tuning-ranges are 
obtained. The valve resonator should be designed so that 
the interaction gap capacitance is a minimum and the coaxial 
line resonator is also inferior to the type of resonator common- 
ly used for the reflex-klystron, in this respect. Although the 
higher current density usable at a low beam voltage for the 
coaxial line valve offsets these effects to some extent, the net 
result is that much wider electronic-tuning ranges, +1 per 
cent, can be obtained with the reflex klystron. 

To summarize, for applications in the frequency range 
600 to 6 000Mc/s where low voltage operation, power output 
in excess of }W, moderate electronic tuning range and good 
frequency stability are of importance the coaxial line valve 
will have some advantage. 

To illustrate some of these points, a number of successful 
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applications of the coaxial line type of valve, mainly in the 
radio-link field during the past ten years, will be described. 


Mobile F.M. Radio Links 


This equipment! is intended for the transmission of tele- 
vision or multi-channel telephony signals for distances up 
to 30 or 40 miles and has been in use by the BBC since 1948. 
The equipment operates in the frequency range 4400 to 
5 000Mc/s and three valves? are used in the same waveguide 
tuning circuit to cover this range. One of these, the V247C/1K, 
is shown in Fig. 7, and a view’of the valve in the equipment 
in Fig. 8. 

The valve is used both as the transmitter and local oscillator 
in the receiver. The modulation linearity is adequate for 
television or up to 60 telephone channels. 

This particular application is of interest as it illustrates 
the good frequency stability of this type of valve. No 
automatic frequency control is used on either transmitter or 
receiver, and after the initial warming-up period will operate 
for long periods without adjustment. 

The average life of the valves used is in the 3 000 to 4000 
hour region. 


Fig. 8. View of V247C/1K valve in receiver of portable radio-link 


Manchester—Kirk-O--Shotts Television Link 


This was the first of a number of similar equipments}: 4 for 
permanent relay of television or telephony signals and has 
been in use since 1952. Other equipments of a similar 
nature are in operation in the United Kingdom, Japan, 
Canada, Brazil, Austria and Spain. 

The coaxial line valve is used as the local oscillator in all 
the receivers at both terminal and repeater stations. In the 
type of repeater used in these systems, in which most of the 
amplification takes place at frequencies in the region of 
70Mc/s, oscillators are required to drive the mixers which 
convert from the incoming microwave frequency to i.f. and 
back again after amplification, to the outgoing microwave 
frequency. A crystal mixer is used for the i.f. to microwave 
frequency conversion and has to produce enough power to 
drive the travelling-wave output amplifier. As this type of 
mixer has appreciable conversion loss, 12 to 15dB, about 
4W of microwave power is required from the local oscillator 
This is supplied by a coaxial line oscillator V240C/2K, and in 
later equipment V237C/IK, V239C/IK and V241IC/IK 
forming a series to cover the complete 3 600 to 4 200Mc/s 
communications band. These all operate at 300V with a 
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cathode current of 45mA and the average life in service is 
around 6000 hours. 


New Wide-Band Radio Link 


Field experience with the equipment described above showed 
that it would be advantageous to eliminate complex a.f.c. 
circuit arrangements in future equipments, thus simplifying 
the maintenance and reducing the size of the equipment. 

In the latest system4, a V238A/I1K valve (see Fig. 5) 
is used to drive both incoming and outgoing mixers and 


removed 


Fig. 10. V190C/1M and CV485 coaxial-line oscillator valves 


operates without automatic frequency control. To achieve 
the high frequency stability required for these systems, the 
valve and tuning circuit is operated in a temperature con- 
trolled oven and fed by carefully regulated power supplies. 
By this means, a long-term frequency stability of better than 
+100kc/s in the frequency range 3 550 to 4 250Mc/s can be 
obtained. 

To avoid distortion due to frequency pulling of the valve 
by the high-level mixer some buffering must be introduced 
between them, the amount being dependent on the pulling- 
figure* of the valves, which should be a minimum. The 
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V238A/1K has a pulling figure of about 1}Mc/s but the use of 
ferrite isolators has now reduced the importance of this 
characteristic. The average life is similar to the V240C/2K 
valve used previously. 

A view of the valve in the equipment with the lid of the 
oven removed is shown in Fig. 9. Equipments of this type 
are about to be installed in the United Kingdom, Switzerland, 
New Zealand, Newfoundland, Australia, South Africa and 
Malaya. 


900Mc/s F.M. Radio-Links 

The V190C/1M valve, see Figs. 6 and 10, has been used in a 
multi-channel f.m. link designed by S.T. & C. Pty, Australia. 
The valve is used both as a local-oscillator and transmitter 
valve to drive the 2C39A output amplifier. 

This valve has also been used in experimental f.m. equip- 
ment at 600Mc/s for the transmission of television where the 
low voltage, 130V, and 1W output were of importance. 
The tuning circuit is reasonably small at this frequency, 2in 
long, as the valve plus circuit operate in the A/4 mode. 


Lightweight Communication Set 

The CV485 valve, which is a later version of the V246A/1K. 
valve, see Fig. 10, has been used in the British Army portable 
multi-channel f.m. telephony link manufactured by Marconi 
Wireless Telegraph Company. The valve is used as both 
transmitter and local oscillator. The operating voltage is 
230V and with a cathode current of 40mA has an output 
power of about 200mW. 


Signal Generators 

It has been mentioned that wide mechanical tuning ranges 
are possible with this type of valve and this characteristic 
has found application in the design of signal generators. A 
typical example is the CV2221 which is used in the type 
MW40/5 S-band oscillator manufactured by Decca Radar 
Ltd. The particular point here is that the high power output 
enables the generator output to be extended to about 10mW 
while still maintaining linear attenuator calibration. 

The circuit used is of the coaxial-line variety and the valve 
performance is similar to that shown for the CV2190 in 
Fig. 6. 


Conclusions 

The construction, design and performance of a range of 
v.m. oscillators utilizing a coaxial line resonator has been 
described. It has been shown that for some applications, 
this type of valve will have some advantage over the reflex- 
klystron and examples of its use in microwave systems has 
been given. 

As the trend in new microwave radio link systems is to 
higher frequencies, around 7 000 and 11 000Mc’s, it is unlikely 
that much further development of this type of valve will 
take place. 
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* The pulling figure is defined as the maximum change in oscillation frequency 
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Backward Wave Oscillators 


By A. G. Stainsby*, B.Sc., A.Inst.P. 


The backward wave oscillator has developed rapidly since its invention six years ago. It combines 

rapid electronic tuning with a frequency range sometimes in excess of an octave. There are two distinct 

types of oscillator, the O type which is mainly suited to low power operation as a local oscillator or 

test source and the M type which is capable of delivering high powers with good efficiency and is thus 

suited to use as a transmitter. The characteristics and mechanism of operation of these two types are 
explained and typical examples are described. 


HE feature which particularly distinguishes a micro- 

wave valve from those used at lower frequencies is the 
inclusion of the circuit or at least a major part of it within 
the evacuated envelope. Thus if the valve is to be tuned, 
this must be done by modifying what remains of the circuit 
external to the valve or by modifying the circuit inside 
the valve by a mechanism operating through the wali”. 
For example a magnetron may be tuned by moving metz! 
pins in the resonant cavities using a mechanism operating 
through metal bellows or by coupling a reactance to the 
output waveguide external to the valve. Reflex klystrons are 
tuned by plungers in the part of the resonant cavity external 
to the valve or by means of a piece of ferrite material 
inside, or they can be tuned over a few per cent electronically, 
i.e. by altering the reactance of the electron beam. All 
these methods are, however, limited in range or the rate 
at which tuning can be achieved. It was the invention of 
the backward wave oscillator which at once offered rapid 
tuning over a wide frequency range. 

The backward wave oscillator principle was discovered 
independently by B. Epsztein of the Compagnie Générale 
de T.S.F. in Paris and R. Kompfner of Bell Telephone 
Laboratories. Epsztein showed that a condition for oscilla- 
tion should occur under certain conditions of a beam inter- 
acting with a circuit, and later found such oscillations, 
whose frequency varied with beam velocity, in a travelling- 
wave amplifier’ of the M type. To the resulting oscillator 
was given the name ‘ Carcinotron’. Kompfner, on the other 
hand, had recognized the possibility of such oscillations 
during early work on travelling-wave tubes and found 
oscillations which tuned between 6 and 7-5mm wavelengths 
in a travelling-wave tube designed by Millman*+. 

The backward wave oscillator immediately offered a 
microwave device capable of being tuned rapidly over a 
frequency range of first 50 per cent and soon over more 
than two octaves’ and thus opened up new possibilities for 
systems employing frequency modulation with an excep- 
tionally wide deviation and of measuring equipment for 
covering bandwidths of an octave in a single display. Trans- 
mitting types of oscillator have been developed®’. giving 
powers in the ten centimetre region of S500W. Receiv- 
ing types are now available to give continuous coverage 
between 1000Mc/s to 15000Mc/s, each tube having an 
electronic tuning range of 50 per cent to 100 per cent*’ and 
coherent oscillations with an experimental valve” have been 
obtained up to a frequency of 200Mc/s. 


Description 
What, then, is the characteristic of the oscillator which 
has made such remarkable progress in so short a time? 





* Research Laboratories of The General Electric Co. Ltd, Wembley 
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In the first place it contains no resonant circuits, the circuit 
consisting of an artificial line which ideally is matched 
at each end. The basic features of the device, as shown in 
Fig. 1, are similar to those of a travelling-wave tube. An 
electron stream passes along the tube parallel to a periodic 
structure constituting a delay line which is matched at each 
end either by an external load or an internal termination. 
The output connexion is at the gun end of the delay line 
and in this way the tube differs from the travelling-wave 
tube. Now the electron stream can interact with any wave 
whose phase velocity is approximately the same as its own 
and it can be shown that a wave travelling along a periodic 
structure may be analysed into components having phase 
velocities in the same and the opposite direction to that in 
which the energy is propagating. 


MATCHED OUTPUT 
TO LOAD 


- 
ELECTRON STREAM 


Fig. 1. The basic structure of the backward wave oscillator 


A picture of the interaction may be obtained by con- 
sidering a wave passing along a periodic structure. Imagine 
that the gaps between successive bars are small. Then, if 
the wave propagates forward at the same speed as the elec- 
trons, an electron will experience a force of the same mag- 
nitude and direction at all gaps, e.g. if it is retarded at the 
first gap it will be retarded at subsequent gaps so long as 
synchronism is maintained. In this way there is continuous 
interaction along a tube and this represents the mode of 
operation of an amplifier. If, however, an electron travels 
in the opposite direction to the wave, but this time slower, 
there is again a possibility of the electron experiencing the 
same retarding field at consecutive gaps provided that the 
velocity is correct. For example, in the case illustrated 
in Fig. 2 if the phase difference per segment is 7/2, ie. 
there are 4 segments per wavelength, then for an electron 
to synchronize with the wave at the gaps it must travel 
back one segment while the wave travels forward 3 seg- 
ments. In general the relation is that if the electron velocity 
v is required to synchronize with a wave whose phase 
change per segment is @ in the forward direction, then, to 
synchronize in the opposite direction, i.e. with a reverse 
component of the wave the electron velocity must be 
reduced to (v@)/(27—@). It is now seen to be possible for 
the electron stream to couple to a component of a wave 
whose energy is travelling in the opposite direction, for 
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example, in Fig. 1 while the electrons are travelling from 
left to right and causing a build up of energy towards the 
entry end of the tube, there is thus a mechanism to feed 
back energy. into the beginning of the line which modulates 
the beam giving rise to oscillations. 


There are two conditions for oscillation. Firstly that the 
beam shall be substantially synchronous with the wave on 
the circuits and secondly that the total phase shift around 
the tube shall be such as to reinforce oscillations. Since the 
tube is many wavelengths long, this second condition need 
not concern us here since, for a very small change of wave- 
length, the total phase shift can be changed by a substan- 
tial amount. The condition of most interest is thus the 
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Fig. 2. The wave on the neriodic structure analysed into a forward and 
backward component 


(«) 
Fig. 3. Slow wave structures 
(a) Tape helix 
(b) Loaded ladder 
(c) Interdigital 


synchronizing condition. Since the velocity of the beam 
may be varied at will by varying the voltage, it will be 
necessary for the phase velocity of the wave component to 
alter in order to provide the condition of synchronism and 
so of oscillation and, as there are no other variables which 
are free to change, this can only occur if the frequency 
changes. How, then, does the phase velocity of a wave 
component depend on frequency? To answer this one must 
consider the type of slow wave structure which is to be 
used. 


Any periodic structure, for example in Fig. 3 the helix 
(a) ladder line (b) interdigital line.(c) can propagate waves 
over various bands of frequencies. They can be regarded 
as filters whose distributed capacitances and inductances 
combine to provide pass and stop bands as in lower fre- 
quency theory. The filters can be described in terms of the 
phase and frequency diagram in which the frequency 
(multiplied by 27 x distance between segments) is plotted 
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as a function of the phase change per segment. Examples 
of the two general types are shown in Fig. 4, they are in 
fact typical of band-pass filters. Fig. 4(a) shows a high 
frequency cut-off when Bp = 0, or 27 and a low frequency 
cut-off where Bp = x with propagation for intermediate 
frequencies. Where £3 is the phase constant representing the 
change of phase per unit length. 

Now for any structure the phase velocity (the velocity 
to which electrons couple) is given by w/{ and for a fre- 
quency corresponding to the point K in the diagram it is 
given by the slope of the line OA. The group velocity, or 
the velocity with which energy is propagated along the 
structure is given by dw/d8 and is shown by the slope of 
the tangent AT at the point A. From the curve it is seen 
that these two slopes are opposite and consequently the 
group velocity is in the opposite direction to the phase 
velocity. Furthermore it is seen that as the phase velocity 
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Fig. 4. Dispersion curves 


(a) Backward fundamental wave 
(b) Forward ‘fundamental wave 


is altered (a rotation of the line OA) corresponding to the 
electron velocity altering, the frequency must alter to main- 
tain synchronism. The interdigital line Fig. 3(c) will give 
a dispersion curve of this type and since the fundamental 
component has a phase velocity in the opposite direction 
to the group velocity this is called a backward wave 
structure. 

If the structure is of the opposite type, as illustrated in 
Fig. 4(b), i.e. having a low frequency cut-off at 0 and 27 
and a high frequency cut-off at z, the phase velocity of the 
fundamental component has the same direction as the 
group velocity, since the slope is positive, and this is called 
a forward wave structure. It may, however, still be used 
in a backward wave oscillator by utilizing the component 
wave or space harmonic which gives between z and 27 
phase change per segment. Thus one might operate a back- 
ward wave oscillator at the point A. This has the advan- 
tage that a larger structure may be used for a given 
wavelength, but the coupling impedance of the wave to the 
beam is reduced. 

If, then, the velocity of an electron beam passing a slow 
wave structure is known, one can immediately predict to 
a first order the frequency of oscillation assuming the dis- 
persion curve of the structure is known. The exact 
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frequency depends to some extend on space charge and 
also depends on the type of backward wave oscillator 
which is being considered. 


Types of Backward Wave Oscillator 

In the discussion so far it has been assumed that a beam 
was being injected parallel to the periodic structure, but 
no consideration has been given as to how the electrons 
were travelling or how the beam was produced. There are, 
however, two distinct types of beam which are usually 
described as the O and M types. 

The O type (shown in Fig. 5(a)) employs an electron gun 
in which electrons are accelerated to a given velocity on 
passing through one or more anodes. The electrons then 
continue to travel parallel to the periodic structure in a 
region where no d.c. fields are present. A focusing magnet 
may be employed, but it is not fundamentally essential to 
the operation of the tube. In producing oscillations the 
beam gives up a proportion of its kinetic energy to the r-f. 
field on the line and power may be extracted from the end 
nearest to the beam entry. At the opposite end of the line 
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Fig. 5. 


there is a matched resistive load which absorbs any power 
reflected from the output. 

In the M type, Fig. 5(b), the magnetic field, as in a mag- 
netron, is at right-angles to the direction of propagation 
and to an electric field which exists between the line and a 
negative electrode usually called the sole. The cathode lies 
parallel to the sole above which is the accelerating plate 
controlling the beam. The beam is accelerated by the 
voltage on the plate and is deflected by the magnetic field 
so that it enters the interaction space between sole and line 
at a velocity given by the ratio of electric field to magnetic 
induction E/B. The electron beam now travels parallel 
to the line and in doing so interacts with the fields of any 
components of the r.f. wave which are travelling with the 
same velocity. In this case, however, the beam does not give 
up its kinetic but its potential energy and gradually 
approaches the delay line where it is absorbed. These two 
devices, while operating on the same general principles, are 
sufficiently different for each to be treated separately. 


O Type Oscillator 

As stated above an O type tube employs a directly 
accelerated beam which gives up some of its kinetic energy 
to the r.f. wave as it passes down the circuit. 

The energy is given by the equation eV = 4mv*. Where 
v is the velocity of an electron of mass m and charge e, 
and V is the accelerating voltage. Thus the velocity is pro- 
portional to the square root of the voltage. If the phase 
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velocity on the circuit is a linear function of the frequency 
of the wave, the variation of frequency with voltage will 
be rapid at low voltages, but changing more slowly at 
high voltages. Further, unless the current is varied across 
the frequency band by the use of a grid, the power input 
will vary considerably across the frequency band. The O 
type oscillator is thus primarily suited to use as a low 
power oscillator, for example as a local oscillator in a 
receiver or low power modulator. A typical example of 
such a tube is the Mullard VX8509 which covers the 
frequency range 7-0 to 11-S5kMc/s. This is shown in Fig. 6. 
It consists of an inner tube which slides into the permanent 
magnet required for focusing. The valve employs an inter- 
digital line which is terminated internally by a resistive 
attenuator while the other end passes through a fin-line to 
the waveguide output. The gun produces two flat beams 
which pass down either side of the interdigital line. The 
characteristics of frequency and power as a function of 
line voltage are shown in Fig. 7. It is seen that the frequency 
increases steadily with increase of the voltage, but the 
rate of change of frequency per volt falls off at the high 


Fig. 6. O type backward wave oscillator VX8509 


(Photograph by courtesy of Mullard Research Laboratories) 


voltage end. The power output changes from 40mW at low 
frequencies to nearly 200mW at the high frequency end of 
the band. This power output can, however, be controlled 
by varying the collector current with the aid of the grid. 
Since the waveguide output is isolated from the line the 
gun may be operated at earth potential which makes modu- 
lation of the control grid much easier than if the line were 
earthed. By this means the power may be held down to a 
constant level to within about 1dB, depending on the rate 
of fluctuation of power of the individual sample and the 
rate of sweeping. 

The tape helix Fig. 3(a) has also proved a useful structure 
for use in O type oscillators. A helix is essentially a forward 
wave structure but by use of a broad tape the spatial 
harmonics are accentuated. The amplitude of the backward 
wave component increases from zero at the centre of the 
tube to a maximum close to the helix. Thus in the design 
of such tubes the beam is injected close to the helix and 
frequently a hollow beam s used. The connexion for the 
output may be taken to a waveguide or coaxial coupling 
using techniques similar to those used for travelling wave 
amplifiers. 

Because of their wide tuning range O type backward 
wave oscillators have been designed to cover all frequencies 
between 1 000 and 15000Mc/s using interdigital or tape 
helix lines and for still higher frequencies the loaded 
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ladder line has been used. This has the attraction of being 
easy to construct with great precision, and A Karp” has 
used this type of line to obtain oscillations up to 200kMc/s 
which represents the highest frequency so far obtained. 
In his construction he overwound a molybdenum former 
with gold plated molybdenum tape to produce a line of 
the type shown in Fig. 3(b). By. furnacing, the whole could 
be brazed together to yield an accurate and robust struc- 
ture. This gave a forward structure and oscillations were 
obtained using a reverse spatial harmonic. 


The facility for rapid electronic tuning carries with it 
the disadvantage that it is difficult to use the tube as a 
stable oscillator. The variation of frequency in the 
10 000Mc/s region may be of the order of 4Mc/s/V. Thus 
if a voltage stable to one part (r.m.s.) in 10° is available, the 
residual frequency modulation due to this power supply is 
still 1kc/s. Because of this feature, there does seem to be 
a need for an oscillator with rather smaller frequency 
coverage at X-band where it will become increasingly 
necessary for ships’ radars to change their frequency to 
avoid interference. Here a compact tube using some circuit 
such as was used by Karp may offer a local oscillator cover- 
ing a bandwidth of, say, 10 per cent with consequently less 
voltage sensitivity than that of the wide small range tubes, 
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the voltage sensitivity being the main objection to the use 
of backward wave oscillators as local oscillators in 
receivers. 

The tuning curve of frequency/voltage will be smooth 
if the line is perfectly made and matched at either end. If 
however there is a mismatch at both ends or along the 
line length the curve will no longer be perfectly smooth. 
This is because the two mismatches make the line to some 
extent resonant, with a consequent change of power output 
and slope of the tuning curve when the resonant frequency 
is attained. If the product of the reflection coefficients is 
too great there can even be a discontinuity. This condition 
is, however, unlikely to occur with practical tubes since 
the internal attenuator can be very well matched to the 
line. In the ideal case the pulling figures (as defined by 
the frequency excursion when a given mismatch usually 
0-66: 1 is moved through all phases along the line) is zero, 
but in practice this may. amount to a few Mc/s at 
10 000Mc/s. Very large misma‘ches can, in fact, be tolerated 
with little frequency deviation, thus when the valve is used 
as a local oscillator there is no need for much padding or 
an isolator. 


M Type Oscillator 


A typical example of the M type oscillator is the 
VX3510 made by the M.-O. Valve Co. Ltd which is shown 
in Fig. 8, together with the magnet required for its opera- 
tion. The internal construction is similar to that shown in 
Fig. 5(b) with the difference that the whole system is curved 
into the arc of a circle. For the curvature used, however, 
this does not affect the operation of the tube. The gun 
containing an indirectly heated cathode injects a stream of 
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electrons into the interaction space between the copper 
sole and the interdigital line which is brazed to the water- 
cooled outer block. The output is taken from the first 
finger of the line and matches into a standard jin coaxial 
line of 502 impedance. The internal transformer is designed 
to give a match of better than 05:1 across the tuning 
range. At the other end of the line the fingers are sprayed 
with a resistive coating to provide the internal termination. 


Fig. 8. M type backward wave oscillator type VX3510 
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line voltage for typical VX3510 


Fig. 9 shows a typical operating characteristic at a line 
current of 350mA. Here the power, efficiency and frequency 
are plotted as functions of line voltage for constant current 
from the cathode. It is seen that unlike the O type, the M 
type has an almost linear frequency characteristic. This is 
because the electron velocity is given by E/B and is thus 
directly proportional to the line voltage. Assuming then 
that the dispersion curve for the line is linear, the tuning 
curve is also linear. To approach a linear tuning curve it is 
necessary to put the upper and lower cut-off frequencies 
for the line far apart. In the case of the VX3510 these are 
at appproximately 8 000 and 1 500Mc/s respectively. 


It is seen that the efficiency falls from near 30 per cent 
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at the low frequency end of the band to about 20 per cent 
at the high frequency end. This trend is in line with theory 
although the absolute value of efficiency is well below the 
theoretical maximum. To explain how this maximum arises 
the mode of operation of the valve will be considered. 

In the absence of any r.f. field the electrons will travel 
parallel to the sole along an equipotential line. If, however, 
an r.f. field is excited on the line the tangential component 
of the r.f. field will force the electrons closer to or further 
from the line. In the former case the electrons give energy 
to the wave and in the latter they extract it. As the elec- 
trons which have given up energy approach the line they 
will experience stronger fields and give up energy. faster; 
the unfavourable electrons which extract energy will move 
further away and their interaction will become less. It 
should be emphasized that in the first order theory no 
density modulation occurs but the beam is drawn up into 
waves, the space charge density and the velocity remain- 
ing the same. This is in contrast to the O type in which 
density modulation is essential. Fig. 10 illustrates the 
form taken by the beam after appreciable interaction has 
taken place. 


Oe 





SOLE AT NEGATIVE POTENTIAL 
Fig. 10. Electron beam configuration in an M type oscillator 


It is seen that when an electron arrives at the line it 
has given up the whole of its potential energy in passing 
from the original equipotential given by Vi — 1/2 m/e 
(E/ BY to the potential of the line, or putting it in another 
way, since the electrons are trapped by the wave they can- 
not arrive at the line with less than the energy corresponding 
to their precessional velocity E/B. The maximum possi- 
sible efficiency. of the device is thus given by: — 
tm(E/ BY 


eV. 


+ pees ine) . o 
1 — (KE/PE) = 1 (m 2e) aR 
where V,. is the voltage between cathode and line and d 
is the separation of the zero equipotential from the line. 
This will be th sole-line spacing if the sole is operated 
at cathode potential, but this is not the usual case. It is 
seen from the expression that the efficiency is increased by 
increasing B the magnetic induction for a given voltage 
of operation or alternatively reducing voltage for a given 
magnetic induction. 

Examination of the efficiency curve in Fig. 9 shows that 
it slopes in the direction suggested by this theory. However, 
putting figures for the VX3510 into the equation the maxi- 
mum possible efficiency at the high frequency end of the 
band should be of the order of 80 per cent, whereas 20 to 
25 per cent is, in fact, realized. The extreme efficiency will, 
however, be realized only with linear orbits. If the orbits 
were pure cycloids the expression for efficiency becomes: 


V 


since the velocity of the electron at the top of a cycloid is 
2(E/B) which indicates a maximum efficiency of only 20 
per cent. Clearly something in between these two extremes 
is realized. 

There is a further effect, that of variation of line current. 
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If the characteristics of Fig. 9 had been taken at a higher 
current, the efficiencies would also have been higher. 

However, as compared with any other oscillators, par- 
ticularly any with an appreciable tuning range, the efficiency 
is high and this feature makes the M type valve very suitable 
as a power oscillator. 

If the gun is operated at constant bias the current will be 
constant and the power input will be a rising function of 
line voltage. Because the efficiency falls with increasing 
voltage, as is shown by the formula above, the change of 
output power over the frequency band is not so marked, 
amounting only to about 10 per cent for a 20 per cent 
frequency change. Being a transmitting valve the extremes 
of the tuning range are not exploited in the M type valve, 
e.g. although a 2:1 frequency range can be easily obtained, 
the power output at the low frequency end of the band 
becomes too small to be useful. 

The M type b.w.o. is thus an ideal power oscillator for 
use where rapid tuning or frequency modulation is required. 





Fig. 11. Gum system for M type oscillator 


By doubling the line voltage the frequency may be altered 
by 25 to 30 per cent if an interdigital line is employed, the 
variation of frequency being almost linear. Furthermore, 
frequency modulation with high modulation frequencies 
may be employed. For example in the 3 000Mc/s region 
deviations of 150Mc/s at a modulation frequency of 5Mc/s 
have been measured with little distortion. 

As with the O type device there is very little change of 
frequency for variation of the output load impedance. For 
example in the 3000Mc/s region a mismatch of 0-33:1 
may only pull the frequency by 2 or 3Mc/s when moved 
through all phases. The figure may be considerably less 
than this and depends on the exact matching of the 
attenuator of the particular sample tested. The valve con- 
tinues to oscillate if the output is completely short-circuited, 
but of course this condition cannot be tolerated at full 
power, as in this case all the power would be absorbed 
either in the attenuator or the output window. Tests at low 
power have shown that the pulling with a complete short- 
circuit is still only in the region of 5 to 10Mc/s for a 
3 000Mc/s oscillator. 

The gun system used in M type devices is completely 
different from the more usual O type guns. This is because 
of the effect of the magnetic field. The aim is to inject 
the electrons into the interaction space with the natural 
velocity of motion for that region, i.e. E/B. Electrons are 
accelerated from a cathode (Fig. 11) by applying a voltage 
to the plate immediately above it. The electrons start off 
normal to the cathode, but are immediately bent round in 
cycloidal orbits by the magnetic field. When they reach the 
top of their orbit they pass into the region between line 
and sole, where the electric field is higher, and travel 
approximately along an equipotential with a velocity in that 
direction of E/ B. It should be noted that even if the velocity 
is not correct they will still have the same average velocity, 
the difference being that instead of following a linear path 
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they will perform oscillations about that line. It is this fact 
which allows of a very simple gun being used, for in prac- 
tice no compensation is made for variation of line voltage. 
The remaining electrode, the grid, consists of a lip in front 
of the cathode which can be biased to alter the initial direc- 
tion of travel of the electrons. It will also modulate the 
current, but in general the plate gives better control. 


The first bar of the line is called the anode and is solidly 
connected to the block of the valve. It serves as an earth 
shield to the first finger of the line and also intercepts a 
large number of stray electrons which might otherwise melt 
the first finger. 

As the plate voltage is varied the line current increases if 
the line voltage is kept constant (Fig. 12 curve (a)). As the 
current increases no oscillation occurs until a critical value 
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Fig. 12. Lime current and power as a function of plate voltage for M type 
oscillator 


is reached called the start-oscillation current. This is the 
condition in which the gain of the tube as an amplifier is 
exactly equal to the circuit losses. Above this current the 
power rises steeply (curve b). Thus it is seen that by varia- 
tion of the plate voltage amplitude modulation may be 
obtained. As the current is increased the efficiency also 
increases, and in general maximum efficiency is obtained 
by working as far from the start oscillation current as line 
dissipation or cathode emission will allow. 

Variation of line current is also accompanied by a small 
variation in frequency, the frequency tncreasing as the line 
is increased. This ‘frequency pushing * as it is called is due 
at any rate in part to a variation of space charge density 
altering the electric field strength in the interaction region. 

A further feature which, although common to both types 
of oscillator, is more frequently seen on the M type, is the 
occurrence of sidebands. These are not seen in the usual 
working range of the device, but may occur at lower voltag:s 
or higher line currents. The signal is seen to be accompanied 
by two sidebands displaced by a few tens of megacycles, 
from the carrier in the 3 000Mc/s region. This displacement 
remains constant when the valve is tuned. These sidebands 
are due to a second mode of oscillation which has a higher 
start-oscillation current than the main oscillation. If. how- 
ever, the valve is operated at high currents this oscillation 
may be started. It will also beat with the main oscillation to 
produce the opposite sideband. 


Conclusions 

It is seen that the two types of backward wave oscillator, 
the O and M types form an unusual pair of valves having 
properties which are largely complementary. Each is capable 
of being tuned rapidly over a wide frequency range; but 
while the former is mainly suited to low powers because 
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of its modest efficiency and wide variation of power over 
the frequency band, the latter is essentially a transmitting 
valve capable of delivering high mean powers with good 
efficiency and maintaining its power output reasonably 
constant over the tuning range. 

These two valves are relatively new and their capabilities 
have not so far been fully exploited. They have however 
already established themselves in certain applications. 
Whenever a panoramic display system, such as a reflecto- 
meter or spectrum analyser, is required there is no doubt 
that the O type valve is supreme. It enables broad frequency 
bands to be covered at high sweeping speeds. Furthermore. 
the power output can be sampled and a signal fed back 
to the grid of the valve to control the beam current and 
hence the power output. Here the rate of variation of power 
with voltage sets a limit to the sweep speed and the feedback 
which can be applied. As oscillators with smoother charac- 
teristics become available it will be possible to operate to 
higher sweep frequencies. 

The b.w.o. also appears attractive as a local oscillator due 
to the ease with which it may be tuned. So far, however, 
two difficulties have appeared; first there is a considerable 
difficulty in producing a voltage supply which is sufficiently 
stable to maintain the frequency constant, and it may well 
prove necessary to introduce a mechanically tuned cavity 
to which the oscillator is locked if very high stability is 
required. In the second place there has been difficulty with 
noise close to the carrier on some valves. It is well known" 
that spurious modulation of electron beams can occur at 
frequencies between a few kc/s and a few Mc/s due to 
residual gas or secondary emission phenomena. This may 
give rise to noise modulation which will debase the per- 
formance of a receiver unless a high intermediate frequency 
is employed. 

The M type valve has not as yet been exploited to any 
extent: but it has obvious possibilities as a transmitter. For 
example in a simple f.m. radio link where the possibility 
of wide frequency modulation should allow the accom- 
modation cf many channels. Again for use in f.m. radar the 
wide and almost linear tuning range offers possibilities 
which have not been available previously. Once again the 
noise problem becomes important, but measurements of 
a.m. noise have shown that it is not excessive’, the noise 
per cycle ranging from —135dB at 10kc/s to — 160dB at 
100Mc/s away from the carrier. Once again the challenge 
is to the systems designer to make use of the great 
potentialities of these devices 
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Triodes and Tetrodes 
S.H.F. Operation 


For U.H.F. 


By C. A. Tremlett,* B.Sc., Grad.I.E.E., and A. D. Williams,* B.Sc.(Eng.) 


This review deals briefly with the advances made over the last ten years in the development of 


space charge control valves for operation above 300Mc/s. 


The improvements in technology are 


described with particular reference to some valve types. Two tables are included, the first giving 
data on valve geometry, the second summarizing general information (static characteristics, r.f. 
performance, etc.) regarding a wide selection of valves, 


Lt the last decade or so, significant advances have been made 
in all branches of electronic engineering, not least in the 
development of triodes (and some tetrodes) for use at very 
high frequencies. For example, the upper frequency limit for 
disk-seal triodes has been advanced from just over 4 000Mc/s 
to almost 10 000Mc/s, glass-based valves are now available 
which will operate efficiently at over 1 000Mc/s, and very 
impressive increases in power output have been reported, 
especially in the band 500 to 1 000Mc/s. These improvements 
have been obtained entirely from advances in the technology 
of valve making, for the valves are invariably used in 
conventional circuits. 


From theoretical considerations it is well known!+2 that the 
lead inductances and resistances, especially those to the grid, 
must be as low as possible to ensure electrical stability; that 
the inter-electrode spacings must be as small as possible in 
order to minimize noise and improve the high frequency 
performance, by reducing the time of flight of the electrons; 
and that the cathode must be operated at the highest current 
density, consistent with life, to ensure optimum efficiency. 
It is in the means of achieving these, and other, desirable 
features that these major advances have been made. 

The increasing complexity of electronic equipment has 
called for a considerable increase in the standard of realiability 
demanded for all the components, and much effort has been 
expended on this aspect of valve design. It is not always 
appreciated how difficult it is even to specify requirements for 
life, especially for triodes, which tend to be general-purpose 
valves and the same type may be used in a wide variety of 
equipments. For example, the life and reliability requirements 
for valves employed in the repeater stations of a submarine 
cable, and in guided missiles, are quite different. 

This article will deal first with some of the more important 
advances in valve technology, and will then review the 
performance of some of the resulting valves. 


Developments in Technology 
THE ENVELOPE 


The maximum temperature to which a valve can be baked 
during processing is about 400°C if it employs a ‘soft’ glass, 
or about 550°C if it uses a ‘hard’ glass, these values being 
determined by the viscosity of the glass. 

Considerable advances have been made in the precision 
with which the glass sealing operations are carried out, par- 
ticularly in the case of the disk-seal valve envelopes. For 
example, jigs are in use which result in the planes of the 
electrodes being in a position at right-angles to the axis of the 
system to an accuracy of -++-003in per inch of radius. This 
may be improved by a factor of about five by subsequent 
machining. 


* Research Laboratories of The General Electric Co. Lid., Wembley. 
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If the glass can be replaced by a ceramic, the maximum 
baking temperature may be increased to about 750°C, and is 
determined by the vapour pressure of the metal used to braze 
the ceramic to the metal components. This higher temperature 
enables a much better vacuum to be obtained in the finished 
valve, with corresponding improvements in its life and per- 
formance. However, the greater temperature range coupled 
with the different non-linearity of metal and ceramic expansion 
coefficients make it much more 
difficult to match the metal and 
ceramic components up to the 
brazing temperature} of about 
900°C. 

Although the pioneer work on 
ceramic/metal envelopes was done 
in Germany over twenty years ago*, 
it is only quite recently that reliable 
solutions to some of the technical 
problems have been found, and 
several types of ceramic-envelope 
disk-seal valves are now becoming 
available, for example, the U.L.11 
(Fig. 1) in this country and the 
6181, 2C39B and 6BY4 in the 
U.S.A. 

As ceramic components are con- 

veniently ground to close toler- 
ances, and as no distortion occurs 
during brazing to the metal parts, 
the mechanical tolerances on the 
valve envelope are small. This may 
sometimes be achieved without 
using jigs. In addition, the loss 
factor is less than for glass, an im- 
portant point in the design of high 
power valves, and the higher out- 
gassing temperature which may be 
employed with ceramic valves en- 
ables higher operating tempera- 
tures to be used. 
, As ceramic materials generally 
have low coefficients of expansion, and a considerably higher 
thermal conductivity than glass, their ability to withstand 
thermal! shock is superior. They are also better able to resist 
mechanical shock and their use has made possible the 
construction of more robust envelopes. A typical valve using 
such an envelope is the U.L.11, which will operate with the 
anode temperature at 350°C. 


Ceramic triode 
U.L.11. (Photo- 
reproduced by 
Ferranti 


Fig. 1. 
valve 
graph 
permission of 
Ltd.) 


New BRAZING ALLOYS 

In recent years new brazing alloys have been developed as 
a result of pressure from valve engineers}. The demand for 
them arises from several reasons, probably the most important 
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of which occurs when a number of successive brazes are made 
during the assembly of a valve. This process, known as step 
brazing, was, until recently, quite difficult to accomplish in 
view of the large difference between liquidus and solidus 
temperatures of some long-established alloys. In addition, 
these standard alloys have been found unsuitable in valves of 
ceramic construction as the vapour pressure of one or more 
constituent metals is too high. Improvements have also been 
made in wetting properties and alternatives have had to be 
found for the gold alloys, which when used to braze copper 
suffer the handicap of too high a rate of diffusion. 


As examples of these new materials, the range of several 
silver-copper-palladium alloys may be quoted as having very 
good wetting properties. The use of indium to make ternary 
alloys with silver and copper, has extended the lower end of 

the temperature range, 
while similar alloys of 
indium, copper and gold 
have lower vapour press- 
ures and similar melting 
points to the standard 
silver-copper alloys. The 
importance of making all 
vacuum-tube brazing 
alloys to better standards 
of purity has only been 
appreciated relatively re- 
cently. For example, 
traces of carbon, present 
in hitherto unobjection- 
able quantities, have been 
shown to cause regions 
of poor wetting, and 
more dangerously, voids 
in the brazing material, 
with the attendant danger 
of leaks. 


CATHODES 


Of the total time an 
electron takes to travel 
from cathode to anode, 
the major portion is spent 
in moving from the cath- 
ode to the plane of the grid. 
This cathode grid transit 
time (T sec) is approxi- 
mately given by the relationship T = 6-7 10°'° (d/j)t where 
d is the cathode grid clearance in cm and j the current density 
in A/cm*. This clearly calls for high current density and 
small grid cathode clearance. 


Fig. 2. Triode valve DET29 


For almost twenty years prior to 1950, the conventional 
cathode consisted primarily of a mixture of barium and 
strontium oxides on a nickel base. Over this period research 
and development effort succeeded in explaining more or less 
satisfactorily the mechanism of operation of these cathodes, 
and ‘as a result they are consistently produced under mass- 
production conditions with a high degree of uniformity of 
emission, following a very short period of activation. From 
an oxide-coated cathode a mean current density of 300 to 
400mA/cm2 may be taken in c.w. class-C operation, and a life 
of several thousand hours be obtained (e.g., DET29, Fig. 2). 
During the past eight years, however, several new types of 
cathode have been evolved and although none of these is 
likely to supersede the oxide cathode for general use, they are 
proving very useful in improving the performance of high 
frequency valves. 


In the L cathode® the barium and strontium atoms reach 
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the cathode surface by diffusing through a porous tungsten 
plug. This design not only removes the lossy reservoir of 
oxides from the r.f. field, but permits the current density 
from the cathode to be increased from about 350mA/cm2 to 
about 750mA/cm2. Development work is still proceeding on 
variations of this basic design, and at least one triode 
currently in production, the ECS7 (Fig. 3) uses this type of 
cathode. 

It is under pulse conditions that the significance of high 
current density is most apparent, an increase of 5 to 20:1 over 
c.w. operation being possible?. This may be illustrated by 
comparing the performance of the ACT27 (Fig. 4) with that 
of the geometrically identical ACT28 (CV2163). 


Frequency at 
which efficiency 
has fallen to 

25°% (Mc/s) 


I a (max) 


(A) 


Va (max) 
(kV) 


ACT27 
c.wW. operation 1-5 1-5 
ACT28 
pulse operation up 
to Sysec 


400 


900 
(estimated) 


11-0 50-0 


An additional advantage 
of high current density is 
that a smaller cathode area 
can be used to obtain the 
same mutual conductance, 
thus giving some compensa- 
tion for the _ increased 
capacitance resulting from 
closer clearance. 

While demands for in- 
creased output power have 
led to attempts to employ 
higher anode potentials, ex- 
perience has shown that, for 
oxide coated valves, it is 
dangerous to exceed 1:5kV 
in c.w. operation. This is 
because the contamination 
of other electrodes by 
barium during life leads to 
electrical breakdown which 
disrupts the cathode coating. 
L cathodes are much more 
able to withstand the effects 


Fig. 3. Triode valve ECS7 (Photo- 
graph reproduced by permission of 
Muljard Ltd.) 


of such discharges, though the incidence of these is not 
materially altered by the use of such cathodes. 

Advances in metallurgy have resulted in the development 
of sheet thoriated tungsten, and this has enabled unipotential 
cathodes to be made from this material for power valves, as, 


for example, in the Eimac 4W 20000A. In addition, this 
sheet material has made the manufacture of strip filaments 
possible, thus leading to more efficient electron gun designs 
in beam power tubes. Thoriated tungsten cathodes also 
permit the application of high voltages on c.w. and this has 
been a significant factor in the development of the R.C.A. 
valve type® 6448 (Fig. 5) and its later version the 6806. Their 
development types !3 A2346 and A2335, which also employ 
such a cathode, are also able to operate at high voltages. 
Such valves as these owe a considerable amount to the work 
done on the Resnatron® which is a high power tetrode with 
an r.f. circuit constructed within the envelope. An interesting 
lower power transmitting valve!° with a thoriated cathode is 
the TBL 2/300 which is capable of operating with Va = 2-5kV 
below 200Mc/s. This voltage must be reduced by stages up 
to the maximum frequency of 900Mc/s due to increasing 
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losses in the glass. The use of a high anode voltage permits 
designs with larger grid anode clearances, smaller output 
capacitances and thus larger bandwidths. 


GRID MATERIALS 

The majority of the valves for use above 300Mc/s either 
use plane grids, in which the wires are brazed to a rigid frame, 
or squirrel-cage grids. In either case it is usual to use 
molybdenum or tungsten wire, owing to their desirable pro- 
perties of good thermal and electrical conductivity, low 
coefficients of expansion and high hot strength. Tungsten can 
be drawn down to 10 micron diameter and has been electro- 
etched down to 3 micron diameter, while all sizes can be 
gold-plated before use in grid manufacture. The purpose of 
gold plating is to provide a surface which, at the elevated 
operating temperature of the wires, will absorb barium as it 
evaporates from the cathode and so prevent the formation 
of barium oxide, which may cause grid emission. The 


maximum temperature at which such gold-plated grids can 
operate is in the region of 600°C, values higher than this 
causing gold to evaporate with subsequent rapid loss of 


Fig. 4. Triode valve ACT27 


emission. For medium power valves employing a squirrel- 
cage type of grid in which the length/diameter ratio of the 
wires is small, gold-plated copper wires have been successfully 
used. The dissipation may, in this way, be well over twice that 
which can be tolerated in a more conventional molybdenum 
grid for the same level of primary emission; grids such as this 
are employed in the ACT27 and the 6181. The use of either 
molybdenum or tungsten, clad with a layer of platinum of a 
thickness of about 10 per cent of the radius of the wire, has 
become almost universal for lower frequency high power 
valves during the past ten years, and is now being used for 
valves within the u.h.f. range which employ thoriated tungsten 
cathodes. The platinum absorbs the evaporated thorium in 
the same way as gold absorbs evaporated barium. The 
maximum temperature of operation is in the region of 
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1 200°C and the maximum dissipation about 10W/cm2. 
More recently methods have been developed to increase the 
emissivity of the surface and have raised this figure to the 
region!! of 1SW/cm2. 


New GRID-MAKING TECHNIQUES 

The two most important mechanical features in any 
microwave triode are the accuracy to which the grid is made, 
and the accuracy to which the grid cathode clearance is 
maintained. 

The majority of close-clearance valves use planar frame 
grids, and the wires are permanently stretched by inelastic 
deformation of the frame. In this way a very rigid structure 
can be made, with wire as fine as can be handled. It is not 
only in obtaining a reasonable accuracy of pitch at around 
500 turn/in, but also in the handling of the very fine wire, of 
between 5 and 10 microns (0-0002 in to 0-0004 in) diameter, 
that difficulties arise, and an interesting new method of doing 
this has recently been developed!2. At the present time the 
best that can be achieved in production values is a grid- 
cathode clearance of 15 micron using a grid wire of about 
5 micron diameter. 


Tetrode valve 6448 (Photograph reproduced by permission of Radio 


Fig. 5. 
Corporation of America) 


Recent work with cylindrical grids using a mesh formation 
has shown that with such a construction greater rigidity may 
be obtained than with the squirrel cage. It should therefore 
be possible to use finer wires and to make medium power 
u.h.f. valves with this form of grid construction. 


New methods of fabricating copper and copper-alloy grids 
for medium power valves have been developed. For example, 
beryllium copper has been used by R.C.A. to form squirrel- 
cage grids by their ‘Uniscan’ process, which consists essentially 
of simultaneously rolling and spinning the material into 
grooves cut in the surface of a cylindrical mandrel parallel to 
the axis. This material formed into the grooves constitutes 
the grid wires after the web joining them has been carefully 
etched away in acid. The mandrel is, of course, so shaped as 
to leave a supporting band for the wires at each end. 

The present state of constructional techniques is illustrated 
by Table 1, which gives the important dimensions of some 
valves which have appeared in recent years. 
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COOLING METHODS 


Medium power valves in the u.h.f. band rely mainly upon 
forced air to dissipate heat at the anode. The performance of 
the type of cooler fitted to valves such as the 6181 and 
ACT27 represents the probable limit which can be achieved 
with this kind of design, being in the region 1W/cm2 of fin 
surface. The influence of such considerations as the maximum 
seal temperature and the intricacy of the conduction path, 
make this figure only a guide. In a number of the smaller 
u.h.f. triode coolers the fins consist of thin circular washers 
arranged perpendicular to the axis of the anode, this general 
design being considerably less efficient. 

The highest power valves!3 such as the R.C.A. development 
types A2346 and A2335 
may be taken as examples 
of the best loadings which 
have been or are likely to 
be athieved by water 
cooling of relatively large 
areas. The dissipation is 
probably in the range of 
6-8kW/cm2, and improve- 
ments on this are almost 
certainly precluded by the 
thermo-mechanical _ stresses 
which would be set up in the 
structure. With small dissipa- 
tion areas of up to perhaps 
Scm2, as much as 10kW/cm2 
can be reached!4, 


LiFe CONSIDERATIONS 
Satisfactory emission may 
be obtained from cathodes 
with a barium surface for 
many thousands of hours 
provided reasonable care is 
exercised during both valve 
manufacture and valve 
operation. However, barium 
is deposited on the grid wires by evaporation from the cathode, 
increasing the wire diameter and thus changing the valve 
characteristics. While this effect is negligible in most valves, 
it becomes an increasingly serious problem as the diameter of 


20 


(4B) 


NOISE FACTOR 


(1) 416A and 416B disk-seal triodes 
4) GL-6299 ceramic disk-seal triode 


( A25S21 glass-based valve 


TABLE 1 
Some Electrode Dimensions of Selected Microwave Valves 
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ANCE 
(MICRON) 
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416B 
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DET29 
6BA4 
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ULI1 
CV354 


2C39B 
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6448* 
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the grid wire is reduced, and leads to failure considerably 
before the end of emission life. The difficulty can be reduced 
to some extent by careful choice of operating conditions!5, 
but it is probable that this grid wire growth, rather than 
mechanical difficulties, will determine the ultimate limit for 
grid wire diameter. For example, the use of 10 micron grid 
wire forces the valve manufacturer to give the problem close 
attention, and it is unlikely that grid wire finer than 5 micron 
can be used in a sound design. 


As far as manufacture of microwave triodes is concerned 
there is no doubt that the establishment of dust-free con- 
ditions is a sine qua non of success. In parallel with the 
measures taken to achieve these conditions!® the use of 


1000 2000 3000 
FREQUENCY (Mc/s) 


Fig. 6. Variation of noise factor with frequency 


(2) DET29 disk-seal triode (3) ECS7 disk-seal triode 

(5) ECS6 disk-seal triode $ 6BY4 ceramic disk-seal triode 

ae CV354 disk-seal triode 9) 6AJ4/6AM4 glass-based valves 
10) 6BA4 disk-seal triode 


ultrasonic cleaning is now steadily growing and is likely to 
have the widest application. 

In addition, new assembly techniques are being developed. 
For example, the use of argon-arc welding and high speed rf. 
brazing considerably reduces the dangers of contamination 
which are inherent in the older methods of torch brazing and 
glass sealing. 


Application Considerations 

Triodes for u.h.f.-s.h.f. service are usually considered to 
be general-purpose devices and the present tendency is to 
publish information covering as many applications as possible 
extending over the widest frequency range. The need to do 
this arises from the fact that in most cases it is difficult to 
calculate the r.f. performance at all accurately, though a fair 
estimate can be obtained!7:18, 


Noise FACTOR 

For a number of well-known reasons!9,20 the significance 
of noise factor has assumed more and more importance, and 
the above remarks concerning the difficulty of accurate 
calculation, particularly apply. The valve design factors 
which tend to improve noise factor are similar to those which 
lead to good r.f. performance in general. The measurement 
of the noise factor of triodes in the u.h.f. region is usually 
carried out using noise diodes, and significant discrepancies 
occur between the published results of different workers. 
A great deal of effort has been made to reduce these dis- 
crepancies29: 21, Noise generators have been extensively 
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investigated as they are the reference standards by which the 
noise level in valves is determined. Of the two types of 
generator used, the discharge tube has been employed 
successfully in the microwave region22:23, while coaxial noise 
diodes such as the CV2341 are used up to 1 000Mc/s. The 
published variation of noise factor with frequency on a 
number of available receiving valves is shown in Fig. 6. As 
far as can be ascertained the noise factors at frequencies 
below 1 000Mc/s have been measured using diode noise 
generators and those at higher frequencies using discharge 
tube generators. It is assumed that the valves were measured 
under optimum running conditions and that the figures 
quoted apply to the first stage alone. 
CIRCUITS 
As the frequency rises it becomes impossible to consider 
valve and circuit separately, and the larger the valve, the 
lower the frequency at which this holds. The great majority 
of circuits used in the u.h.f.-s.h.f. band are of the common 
grid type. For small glass-based valves 500Mc/s represents 
the approximate limit at 
which lumped capacitances 
and inductances may be 
used with reasonable 
efficiency. In recent years 
good performance has been 
achieved with valves such 
as the A2521 (Fig. 7) up to 
1 000Mc/s when operated 
in trough-line circuits. 


The design of resonators 
and coaxial lines used with 
disk-seal valves depends 
upon the particular applica- 
tion24. Quarter-wave mode 
operation is always desir- 
able, but its mechanical 
realization is not always 
possible at the higher fre- 
quencies. Higher modes of 
operation have the dis- 
advantage of reduced band- 
width and tend to increase 
circuit losses. 

A number of valve 
properties make it difficult 
to calculate circuit di- 
mensions accurately. For 
example, the metal com- 
ponents of the envelope 
and the internal electrode support structures become part of 
the circuit, thus increasing its length. The capacitance loading 
is then considerably less than the static capacitance and 
approaches that of the working area alone. This point is 
illustrated by data25 on the ECS7. 


Static 
capacitances capacitances 
(pF) (pF) 
Cgc 3-3 1:8 
Cag 1-6 0-6 


Fig. 7. Triode valve A2521 


H.F. 


Also the configuration of the envelope introduces electrical 
discontinuities, by virtue of both geometry alone and the 
presence of glass or ceramic insulators. Typical examples of 
modern u.h.f.-s.h.f. circuits have been described for use with 
the 416A26, the 64488 and the TBL 2/300!9. The first of these 
illustrates how a number of such circuits can be used in 
cascade to give high gain, while the second employs an 
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interesting method of overcoming the problem of mismatch 
between valve and circuit at high power level. It has been 
shown possible to increase the power which may be obtained 
rom a particular valve type by employing a number of them 
in parallel in an annular circuit28.29, 


Future Developments 


At the end of the article on valves in the 1950 v.h.f. issue of 
this journal29, it was suggested that triodes would probably 
be made eventually to operate down to a wavelength of 3cm. 
This has now been achieved by the most advanced of the 
small disk-seal valves described here, although the limit of 
their useful power output is probably at about 4-Scm. 

The lower limit of grid wire diameter which can be used 
appears to be in the region of 3 microns, and if grids with 
from 1 000 to 2.000 turns/in can be successfully made with 
this diameter of wire, then a further step forward in s.h.f. 
performance will be made. 

The use of multiple beam systems has, in this period resulted 
in about a thirtyfold increase in power level in the region of 
1 000Mc/s, while the ratio at somewhat lower frequencies has 
been even more impressive. It is likely therefore that the 


same design principles, when applied to valves for operation 
at higher frequencies in the u.h.f. band will lead to further 
increases in r.f. power output. 
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Ferrite Components in Microwave Systems 


By B. L. Humphreys*, B.Sc. 


This article considers some of the many ways in which ferrite components are used in microwave 
communication systems, indicating present possibilities and limitations. 


HE development of microwave ferrite components has 

given the systems engineer a range of passive circuit 
elements having properties which were previously unobtain- 
able except by using active elements and mechanical com- 
ponents, or which could not be obtained at all. These 
circuit elements lead to techniques of great value both in 
experimental work and in engineered equipment. 

The outstanding feature of microwave ferrite com- 
ponents is that, although they are passive elements they 
can have non-reciprocal characteristics. It must be appre- 
ciated, however, that not all microwave ferrite components 
have non-reciprocal properties and in fact a reciprocal 
characteristic may be desirable in some cases. 

The most commonly used microwave ferrite elements 
such as the isolator or the circulator have a constant applied 
magnetic field, but by using a variable magnetic field ele- 
ments for switching, modulating, a.g.c., a.f.c. and other 
purposes can be designed’. 

Although much of the experimental work on microwave 
ferrite components has been done in the 10 000Mc/s region, 
the results are applicable in principle at all frequencies. 
Components have been made at 50000Mc/s and at 
200Mc/s, and the frequency limits within which components 
can usefully be made are probably much wider than this. 

Ferrite components have not only been made in hollow 
waveguide systems but isolators based on strip-lines and 
coaxial lines have also been constructed. 

Even though the full scope of passive ferrite devices has 
not yet been explored, active elements such as amplifiers 
and mixers are also being developed. The reported results 
indicate that, in some respects, these new devices are 
superior to existing valves, through their lower noise figure, 
or their higher power handling capabilities. This develop- 
ment is, however, at a too early stage for a full assessment 
to be made and a better appreciation of their possibilities 
will only be obtained after more widespread use of these 
elements. 


Components With Constant Applied Field 
THE GyYRATOR 

The first non-reciprocal passive element was termed the 
gyrator and was introduced in a theoretical paper by 
Telegen’ as a new circuit element. It has the property of 
transmitting a signal unchanged in one direction of propa- 
gation, but reversing its phase for the other direction 
(Fig. 1). 

In practice this property can be achieved at microwave 
frequencies only in association with a reciprocal phase 
shift. This constant term, however, does not affect the 
essential performance of the component and it is on this 
element that the circulator is based. It may be said, in 
fact, that the design of all non-reciprocal passive elements 
may be based on the gyrator. 


* Mullard Research Laboratories 
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THE ISOLATOR 

This circuit element is probably the most commonly used 
of all microwave ferrite components. It is a two port, 
four terminal network, Fig. 2, with non-reciprocal transfer 
impedances. Its basic property is that the attenuation 
between ports is dependent upon the direction of propa- 
gation. Ideally the isolator has zero attenuation for one 
direction of propagation and infinite for the other, while 
maintaining the correct input and output impedances. In 
practice these ideals are by no means obtained, and the 
choice of isolator must be determined by the application 
requirements. 

The isolator may be of two types, those which absorb 
power within the ferrite itself, such as the resonance absorp- 
tion type* and those which divert power into an additional 
load, such as the field displacement isolator‘ or those based 
gn the circulator’. 





ZERO PHASE CHANGE 
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Fig. 1. The gyrator 





LOW ATTENUATION 
—_— 





— 
HIGH ATTENUATION 








Fig. 2. The isolator 


Their principal use derives from their property to absorb 
the reflected power without attenuating the incident power. 
Thus a power source working into an isolator will have 
a substantially constant load independent of changes in 
the system. Isolators have been designed to operate at all 
frequencies between 200Mc/s and 70 000Mc/s and a typical 
isolator at X-band will have an insertion loss of less than 
1dB and an isolation of greater than 20dB, for a 5 to 10 
per cent bandwidth, although very much better perfor- 
mances have been quoted®. Such an isolator reduces the 
incident power by only 20 per cent and yet changes a 
reflection coefficient of unity to 0-1, i.e. a zero v.s.w.r. 
becomes 0-82, assuming the isolator itself does not intro- 
duce reflection. 

In the laboratory this non-reciprocal property is of great 
value in the protection of stable power sources, as the 
frequency and amplitude of the signal from most micro- 
wave sources is dependent to more or less extent on the 
load into which they are operating. The same degree of 
stability can of course be achieved by using a reciprocal 
attenuator of one half the isolation value of the isolator, 
but the available output power is then reduced by this 
amount and with this, the sensitivity of the system. The 
use of an isolator to increase the power available from a 
signal source may result in a great saving of size, weight 
and cost. When the power requirements are such that 
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attenuator pads can be used, the degree of isolation can 
be increased until the insertion loss of the isolators is equal 
to that of the pad. If for example a 6dB pad is used, so 
that the total isolation is 12dB, isolators of the perfor- 
mance quoted above could be used to give an isolation 
of 120dB without reducing the forward going power level. 


The reduction of the reflected power will reduce the 
frequency pulling effect of aerial systems on magnetrons 
or klystron oscillators, especially in the case of scanned 
aerials, where changes in the reflection coefficient will result 
in a frequency modulation of the transmitter. Frequency 
control either by electrode potential or by cavity tuning 
is simplified by isolators, as the oscillator then operates 
into a substantially constant and nearly resistive load and 
unwanted frequency pulling effects of the system are 
practically eliminated. 

In a communications system where microwave ampli- 
fiers may be cascaded, each stage may be fed ftom and 
into substantially matched terminations by the use of iso- 
lators between stages. This is of particular application to 
microwave triode amplifiers where there is considerable 
coupling between output and input circuits. 

The isolator also enables two power sources to be 
coupled together in a system, without the one affecting the 
performance of the other. This has been used to great effect 
in a swept frequency signal generator, where the output 
signal was obtained by mixing two microwave signals. 

Isolators are also valuable in systems when it is necessary 
to keep reflections to a minimum, such as in communication 
systems, where time delays in long waveguide runs may 
lead to channel intermodulation. In this application the 
isolator itself must be well matched as it is clearly of no 
value to absorb one reflection, only to replace it by another 
and possibly larger one. 

The considerations so far have paid no attention to 
power levels but apart from electrical breakdown within 
the guide, changes in the performance of the isolator can 
occur with temperature. Isolators for high power use are 
usually different in design from those for low powers, the 
difference arising from the need to keep the temperature 
of the ferrite as constant as possible. In this context low 
powers refer to levels of up to a few watts. The problem 
of heating is reduced either by obtaining the best possible 
contact between the ferrite and the heat sink, as in the 
high power resonance isolator, or by air cooling in the 
Faraday rotation circulator where the ferrite is supported 
centrally along the axis of the waveguide. 


At X-band isolators have been made which will handle 
peak powers of the order of 250kW and absorb mean 
powers of the order of 100W. 

The degree of isolation required clearly depends on the 
application, and one figure of merit of an isolator is the 
ratio of the isolation to the forward insertion loss both 
expressed in decibels. While 20 to 30 are typical values 
for this ratio, isolators in which the ratio is over 200, have 
been constructed. This increase in the ratio is often accom- 
panied by a decrease in the bandwidth and an increase in 
the sensitivity to external influences. The bandwidth of an 
isolator has been defined as the frequency range over which 
the isolator has greater than one half the peak attenuation, 
but once again it is the application that determines its 
usefulness, the specification usually being that a certain 
minimum performance over the entire frequency range is 
required. 


THE CIRCULATOR 
The circulator is not analogous to any simple electronic 
system and is a multi-port component in which power may 
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be transmitted unidirectionally between consecutive ports, 
while maintaining a high degree of isolation between all 
other pairs of ports. The three and four port circulators 
Figs. 3 and 4, are the simplest forms, from which the multi- 
port circulator can be derived by cascading. It may be 
noted that each additional four port circulator adds two 
more ports per element whereas the three port circulator 
only adds one, and that a three port circulator can be 
derived from the four port element by short-circuiting the 
unwanted port. 

The most commonly used circulator is the four port 
component based either on Faraday rotation or differen- 
tial phase shift. The former have been constructed with 
low insertion loss, less than 4dB, and with high isolation 
through unwanted paths, greater than 40dB for bandwidths 
of about 1 per cent at 10000Mc/s. The phase shift circu- 
lator, appears to be inherently of a broader band nature, 


! 3 


Fig. 3. Three port circulator 


(Aerial) 
2 


3 
(Transmitter) (Receiver) 


4 
(Matched load) 
Fig. 4. Four port circulator showing its use for duplexing 


5 per cent at X-band but quoted figures suggest the isolation 
is reduced to between 20 and 30dB. A broad-band version 
of the Faraday rotation circulator’ has also been made 
with a bandwidth of about 10 per cent at X-band for a 
30dB isolation. 

The principal use of the circulator is in systems where 
it is required to receive power into a two terminal network 
from one part of a system and to transmit power to 
another part of the system, from the same two terminal 
network, without coupling the two parts of the system. A 
particular instance of this is the Maser amplifier when 
using the same termination for both input and output’. 

Similarly the circulator is used for duplexing’ in either 
c.w. or pulsed systems. As is apparent from Fig. 4 it pro- 
vides paths of low attenuation between the transmitter and 
the aerial, and between the aerial and the receiver, yet 
giving a high degree of isolation between the transmitter 
and the receiver. While the isolation due to the circulator 
may be between 30 and 40dB, the isolation is limited in 
practice by the aerial mismatch which may easily result in 
reflected powers greater than —20dB relative to the trans- 
mitter power. Further discussion on duplexing is included 
in the section on switching. 
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As indicated previously a circulator may be used as an 
isolator by terminating the two additional ports, 3 and 4 
of Fig. 4, with matched loads. The power handling capacity 
of the circulator may then be limited more by the loads 
than by the circulator itself. Once again operation at high 
power raises the problem of change of performance, but 
a four port circulator of the Faraday rotation type has 
been made with a through-put of 100W mean at X-band. 
The phase shift type of circulator should be capable of 
handling higher powers as the problem of cooling the 
ferrite is simpler. 

The present lower frequency limit on the circulator is 
in the region of 3 000Mc/s. This limitation arises not only 
from the difficulty of obtaining suitable ferrites but also 
from the problem of physical size. 


Components With Varying Magnetic Fields 

An extension of the application of constant magnetic 
field ferrite components lies in the use of varying applied 
magnetic fields, and the possibility of components for 
switching and for modulation is at once apparent. By vary- 
ing the magnetic field of a resonance absorption isolator 
a variable attenuator results. By switching the direction 
of the applied field in a circulator a microwave switch is 
obtained. Many such components can be devised and have 
been described in the literature. 

Components with varying magnetic fields frequently 
operate through low and zero applied fields and it may 
be important that magnetic microwave losses in the ferrite 
material shall still be small. It becomes necessary in these 
circumstances to use materials which do not exhibit low 
field loss. This is a function of frequency and for a given 
material disappears at a sufficiently high frequency. Suit- 
able materials do exist for frequencies as low as 3 000Mc/s 
and therefore components may be designed for frequencies 
at least as low as this, 

SWITCHES 

Switches may be of several types, those which either 
transmit power or absorb it, those which transmit power 
or reflect it and those which change the path of trans- 
mission. 

A switched resonance isolator would be of the first type 
and a switched circulator would be of the third type. The 
design of the second type can be based on Faraday rotation, 
but instead of the 45° angle of rotation used in the circu- 
lator 90° is used instead”. 

The applications of microwave switches are many and 
the use of switched magnetic fields enables the switching 
time to be many orders of magnitude less than is obtain- 
able mechanically. The order of magnetic field required in 
an X-band Faraday rotation circulator is tens of oersteds, 
that required for resonance isolators is thousands of 
cersteds. It is clearly more practical to make use of the 
Faraday rotation effect for switching than the resonance 
absorption effect. 

Such a switch has been made” for X band with a rejec- 
tion of about 35dB and an insertion loss of less than 1dB. 
The bandwidth of the switch was only a few tens of mega- 
cycles per second but had switching times of less than 
O-lusec and could be switched at repetition rates of over 
1Mc/s. 

A switched circulator can clearly be used to transmit 
signals through alternative paths such as to one or other 
of a pair of aerials, or to obtain a pulse modulated signal. 


THE PHASE SHIFTER 


The original non-reciprocal passive element, the gyrator, 
is a particular case of a non-reciprocal phase shifter giving 
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a differential phase shift of «°. Ferrite phase shifters can 
be reciprocal or non-reciprocal and for a given magnetic 
field and size of material the differential phase change and 
the total phase change are functions of position. As with 
other ferrite components, the design is dependent upon the 
application and the optimum configuration for differential 
phase shift is not necessarily the optimum for maximum 
unidirectional or total phase shift. 

At X-band variation in phase shift with magnetic field 
of the order of 2x° per inch with insertion loss of less than 
0-5dB, and differential phase changes of 7/2° per inch with 
less than 0-2dB insertion loss, are obtainable. 

The </2° differential phase shift has been used in the 
design of circulators, while the larger variable phase change 
has been used in the tuning of cavities and for modulation. 


MODULATION 
Phase Modulation 

The simplest form of modulation to achieve with ferrite 
devices is phase modulation, the phase shift through ferrite 
loaded guide being a function of the magnetic field. The 
most attractive phenomenon on which to base such a modu- 
lator is Faraday rotation as the magnetic fields required 
are small. One form of a phase modulator consists of a 
pair of identical Faraday rotation elements in cascade, but 


pled variable phase changers 





Fig. 5. Amplited 


having contrary directions of rotation”. In this way the 
resultant rotation is zero but the phase change is directly 
related to rotation recurring in each part. This technique 
results in phase modulation with substantially no ampli- 
tude modulation and which is sensibly linear with the 
applied magnetic field. The maximum modulation angle 
will be determined by the saturation rotation of the ferrite 
and the degree of non-linearity permitted. The saturation 
rotation is a function of the size of ferrite and may change 
rapidly with diameter. 


Amplitude Modulation 

The problem of amplitude modulation is by no means 
so easily solved as a variation of magnetic field results in 
a change of phase shift as well as other wanted effects. 
A resonance isolator with a varying magnetic field will 
give phase shift. The output from one arm of a circulator 
is proportional to the sine or cosine of the angle of rotation 
but as previously stated this is accompanied by a phase 
change. This unwanted phase change can be removed by 
a coupled phase changer, but it clearly depends on the 
application as to whether this added complexity can be 
tolerated. 

An alternative arrangement is to use a pair of phase 
shift sections coupled by a hybrid-T, Fig. 5. Here the 
output is proportional to the sine or cosine of the change 
in phase and is not phase modulated. In both systems the 
modulation is non-linear with phase angle and with the 
applied magnetic field, so except for small modulation 
amplitudes correcting networks will be required. 


Single Sideband Modulation 

A component has been described by Cacheris” which 
is used for displacing the input frequency. This displace- 
ment is achieved by a rotating magnetic field and the dis- 
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placement frequency is twice the rotation frequency. As 
described, the component is narrow band, a few per cent 
at X-band, and gives a carrier and undesired sideband 
suppression of greater than 30dB. Frequency displacements 
of over 20kc/s have been reported. 


VALVE TUNING 

The variation of phase change of a ferrite loaded section 
with applied magnetic field leads to the possibility of cavity 
tuning and thence to the tuning of microwave valves’. 

In principle the variable phase shifter takes the place of 
a mechanical tuner and at X-band a klystron with an 
800Mc/s mechanical tuning range to half power points 
has been tuned over 600Mc/s with a ferrite phase shifter 
in similar waveguide structures. The output power in the 
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by electrical means instead of mechanical, with the con- 
sequent possibility of very fast scanning rates. 


Filters 

The use of ferrites for phase changers and cavity tuning 
results in its use for tunable microwave filters. The filters 
may be non-reciprocal and contain resonant circuits which 
have resonance frequencies dependent upon the direction 
of propogation. In his paper on the subject N. C. E. 
Nelson” describes a passive duplexer, which not only has 
the behaviour of a circulator, but also protects the receiver 
from signals outside a certain frequency range. The order 
of magnitude of the change in the resonant frequency of 
an X-band cavity which he reports is a few hundred mega- 
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latter condition was within 1dB of that obtained with the 
mechanical tuner. 

The immediate advantage of ferrite tuning is the 
increased sweep rate over mechanical methods and the 
increased frequency sweep over reflector tuning. The 
system lends itself to the design of a rugged tunable signal 
source as it involves no moving parts. Care must, how- 
ever, be taken to ensure that the magnetic field control 
system does not introduce unwanted variation. 

Magnetic field control does not lend itself to modulation 
at high frequencies and unless the required frequency sweep 
is larger than is obtainable with the reflector potential, 
ferrite tuning does not offer any real advantage. However, 
for frequency modulation involving wide frequency sweep, 
ferrite tuning offers a useful possibility. 


AUTOMATIC GAIN CONTROL 

The possibility of a magnetically controlled microwave 
attenuator is at once of importance in microwave a.g.c. 
systems. This component could make use of low field loss 
which decreases with increasing applied magnetic field. A 
variation of up to 30dB without prohibitive residual 
attenuation has been reported. The use of a Faraday 
rotation or phase change system for controlling amplitude 
would give up to 30dB of attenuation with a residual loss 
of less than 0-5dB. 


Aerial System 

The use of ferrite rods for microwave aerial system has 
been described in a paper by Reggia, Spencer, Hatcher 
and Tompkins", which shows the advantage to be gained 
in size, over the conventional dish reflector system. They 
show that narrow beam-widths with low level side lobes 
are obtainable. The feeder system is more complex than 
for the conventional array but does lend itself to scanning 
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Noise Properties of Ferrite Components 

The non-reciprocal nature of some ferrite components 
has given rise to suggestions that the noise associated with 
them may be more or less than that associated with 
the equivalent attenuator. It may be argued on thermo- 
dynamical grounds, however, that as the component is a 
passive element the noise properties must be those of 
resistive attenuators. The non-reciprocal nature of some 
ferrite components does however, lead to the result that 
noise radiation due to the ferrite itself may be different 
in the two directions of propagation. This is, however, 
compensated by similar differences in the noise absorption. 


Active Ferrite Components 

The more recent developments in the field of ferrite com- 
ponents have resulted in the use of ferrites for ampli- 
cation’, mixing and detection” of microwave signals. Of 
these the amplifier has received the greatest attention and 
noise figures of 3dB at room temperature have been quoted 
for an X-band amplifier. This noise figure drops to 0-06dB 
at 4°K. The operating temperature of the amplifier extends 
from the lowest temperatures obtainable to several hundred 
degrees centigrade. The noise improvement over existing 
valves is clearly of importance in all fields of communica- 
tion where a high sensitivity is required. 

The sensitivity of the mixer and the detector is less well 
established, but present results are promising and indicate 
that further investigation should be profitable. 


Conclusions 

The use of ferrite components has resulted in the realiza- 
tion of microwave systems otherwise impossible to design, 
and can improve the performance of others. Ferrite com- 
ponents such as isolators and circulators are now well 
established in their use in equipment as well as in the 
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laboratory but the capabilities of other components have 
still to be fully ascertained. The limitations of these com- 
ponents are not well established and a full appreciation of 
their uses can only come through their widespread employ- 
ment in microwave systems. 

In principle the techniques which result from their use 
are not frequency dependent, but the range of available 
ferrites imposes limits, particularly where the material is 
used in an unsaturated condition. 

The presently available ferrite components, isolators, 
circulators etc. are all passive elements but active ferrite 
components are being developed which give advantages 
over existing valves. 

To illustrate the possible uses of ferrite components a 
microwave communication link is shown in Fig. 6. 

The link includes a.g.c. using a ferrite attenuator and 
isolators in the aerial feeders to prevent intermodulation. 
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Radiator System 


U.H.F. Power Meter for Operation in the 
2000Mc/s Communication Band 


By J. K. Murray* 


In order to assess the performance of circuits operating at frequencies above, say 1 000Mc/s it is 

often more convenient to measure r.f. power than to attempt to measure voltage or current in a direct 

manner, Such circuits, of necessity, involve the use of mechanical assemblies within which the 

voltage and current distribution cannot readily be ascertained. This article describes some of the 

problems encountered in the design of a direct-reading r.f. power meter for use in the frequency 
range 1 700 to 2 300Mc/s. 


factorily from about |W upwards. This led to more serious 
consideration of barretters and thermistors. 
Barretters have a positive temperature coefficient of 


HE design project called for a direct-reading r.f. power 
meter having three sensitivity ranges, 0 to ImW, 0 
to 1W, and 0 to 20W, for use in the frequency band 


1700Mc/s to 2300Mc/s. 
After due consideration it 
was decided to employ a 
semi-absolute method of 
power measurement in 
which the r.f. power would 
be dissipated directly in a 
temperature - sensitive _ele- 
ment forming one arm of a 
bridge. This method, utiliz- 
ing the bolometer principle, 
offered the choice of 
three possible alternatives 

a lamp, a barretter, or a 
thermistor. 

The use of a lamp did not 
receive more than fleeting 
consideration, because such 
a device only operates satis- 


* Marconi Instruments Ltd. 
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The Marconi u.h.f. power meter type TF 1202 together with 
the 1W and 20W range extension units. The thermistor head 
is shown removed from its case. 


ELECTRONIC 


resistance and, in the inter- 
ests of quick response and 
sensitivity, employ very fine 
wire in their construction 
These two factors tend to 
render the barretter very 
susceptible to overload burn 
out. In addition the barret- 
ters under consideration 
had to be biased to offer a 
resistance of not less than 
2002; this presented a prob- 
lem of impedance matching 
in order to terminate a 
S502 line correctly. Four 
such barretters could have 
been used for this purpose. 
but this introduced further 
problems in the form of 
greatly increased shunt 
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capacitance and the possible necessity for tuning controls. 


Attention was eventually turned to the possibility of 
using thermistors. From the outset the prospects looked 
favourable. The likelihood of overload burn out is greatly 
reduced due to such devices possessing a negative tem- 
perature coefficient of resistance. Under overload conditions 
the resistance of the thermistor drops to such a low value 
that, provided the indicating meter is suitably protected, 
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Fig. 1. The basic thermistor head, in which two thermistors are connected 
in series so far as the bridge is concerned, but effectively in parallel to r.f. 


the resulting mis-match tends to restrict the thermistor over- 
load to a relatively safe value. In the interests of quick 
response it was essential to choose a type of thermistor 
having very small mass. The type chosen had a ‘bead’ 
diameter of approximately 0-Olin. Further, these thermistors 
could be biased to offer a resistance of 1000, so that two 
of them in parallel would form a satisfactory impedance 
match to a 50 line. 


Fig. 1 shows the basic idea of a 
5092 coaxial thermistor head in 
which two thermistors are connected 
in series, so far as the d.c. bridge 
is concerned, but effectively in 
parallel to r.f. When using this 
system, d.c. bias is applied to the 
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resistance falling to 440, when maximum r.f. power was 
applied. This degree of mismatch was regarded as tolerable 
but led to further thoughts of a tapered coaxial section 
forming a correct match to a 47{) load; in this case a 
near-perfect termination would be achieved when an rf. 
power of 0-‘SmW was applied, and the mismatch at an r.f. 
power level of 1mW would be halved. 

Practical considerations of mechanical layout led to the 
conclusion that, although the thermistors were satisfactorily 
small, there was going to be considerable difficulty in con- 
necting the hair-like lead-out wires without introducing a 
large amount of unwanted inductance. This, together with 
a similar problem concerning the inductance associated 
with capacitor Ci, was overcome by dividing the coaxial 
outer longitudinally and, from a d.c. point of view, isolat- 
ing the two halves from each other. These two halves, 
together with the coaxial inner conductor, taper to very 
small physical dimensions while still retaining a constant 
characteristic impedance—this taper may also be modified 
to offer a characteristic impedance of 47() at the load-end 
of the taper, as already discussed. 


Thermistor Head 

Fig. 2 shows the theoretical circuit of the final thermistor 
head, while Fig. 3 shows a cutaway view of its practical 
construction. 

As illustrated in Fig. 3, the tapered outer part of the 
coaxial line is attached to the outer part of the input socket 
by means of screws passing through an aluminium washer. 
This washer is anodized on one surface only. The anodized 
surface faces the tapered section so that it forms an annular 
capacitor between the tapered section and the input socket 


Fig. 2. Theoretical circuit of the final thermistor head 
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series-connected thermistors and 
adjusted, by means of a ‘set-zero’ 
control, until the bridge is balanced. 
When this state is achieved the two 
thermistors have a total series resist- 
ance of 2000 and, from an r-f. 
point of view, form a terminating 


INCOMING 
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———— 
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load of 500. 


Ideally, a balanced bridge would 
enable the thermistors to offer a 
constant S022 terminating load 
regardless of the r.f. power being 
measured. A ‘slide-back’ system 
using a calibrated meter-zero con- 
trol would form a satisfactory 
solution. Use of this system was 
precluded, however, by the require- 
ments for a direct-reading power 
meter. 


Experiments with unbalanced 
bridges indicated that a resistance 
change from 1000 to about 8802 
could be expected with the average 
thermistor for a power increase of 
ImW. In the envisaged circuit, this 
would entail the 500 line being 
correctly terminated, when no rf. 
power was being measured, and 
mis-matched, due to the load 
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Fig. 3. The practical comstruction of the thermistor head 
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—the aluminium oxide forming the dielectric. Nylon screws 
are used to secure the upper half of the tapered section 
to the input socket while the lower half is attached with 
ordinary metallic screws. In this way, a capacitor, having 
very low residual inductance, is created between the upper 
half of the tapered section and the input socket, while 
the lower half is directly connected and therefore at earth 
potential. 


The space between the inner and outer sections of the 


Adj. bridge voltage 





Coarse 
Set zero 


Fine 


thermistor 
head 


ees 


Fig. 4. Theoretical circuit of the bridge unit 


coaxial assembly is occupied by a solid dielectric of p.t.f.e. 
which, quite apart from its electrical properties, ensures 
that concentricity is maintained during mechanical assembly. 
The thermistor mount is contained within a machined metal 
cover so that the whole head assembly is effectively screened 
both electrically, and against sudden changes in ambient 
temperature. 

Connexion from the bridge to the thermistor head is 
made via a conventional screened socket, the live part of 
this socket being internally connected to the upper part of 
the coaxial tapered section. 


Bridge Unit 
Fig. 4 shows the theoretical circuit of the complete bridge 


DUST-IRON SLUG 


TUNING PISTON 


Fig. 5. Theoretical representation of 
the 1W range extension unit 


serves the dual purpose of acting as a pilot light and of 
providing a measure of current stabilization. 

‘Coarse’ and ‘fine’ set-zero controls are provided for 
balancing the bridge-while an additional preset control, 
‘adj. bridge volts’, enables the instrument to be adjusted 
so that balance is achieved with the ‘coarse’ control at 
approximately mid-position throughout the life of the 
batteries. 

During initial calibration the sensitivity of the meter is 
adjusted, by means of an internally-situated preset control, 
to give full-scale deflexion for an r.f. input of ImW. When 
setting up this control, and for all subsequent r.f. measure- 
ments, switch S; is closed to the ‘read’ position. This 
switch is a biased toggle switch, and is normally in the 
open position so that a series resistor lowers the meter 
sensitivity and provides protection against accidental over- 
load; this feature is particularly useful when the bridge is 
first being brought to a state of balance. 


1-Watt Range Extension Unit 

An add-on coaxial attenuator had to be designed for the 
measurement of r.f. power in the range ImW to 1W. This 
presented certain problems before a really satisfactory unit 
for insertion between the source of r.f. power and the 
thermistor head was produced (Fig. 5). 

The unit consists of a rigid coaxial line, some 15in in 
length, at the mid-point of which a coaxial stub-line is 
situated. The free end of the stub-line is short-circuited 
by means of a piston; the position of this piston is adjust- 
able by means of a micrometer screw, thus providing a 
means of altering the effective length of the stub-line. The 
centre conductor of the main coaxial section is loaded with 
dust-iron material to introduce the required attenuation. 


To provide reflection-free absorption of the r.f. energy, 
special precautions are taken over the construction of the 
centre conductor. The carefully-graded dust-iron material 
is arranged to offer the maximum absorption in the 
proximity of the stub-line, while the outer ends are gradu- 
ally tapered to provide a smooth trafhsition between the 
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unit. This part of the instrument follows conventional lines 
and needs very little comment. 

The two dry batteries supplying the bridge are housed 
within the meter case. In the interests of reliability these 
batteries are of the mercury variety, each delivering approxi- 
mately 6°6V and possessing a total capacity of 3-4Ah. 

A low-voltage bulb, in series with the battery supply, 
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DUST-IRON LOADING ON 
CENTRE CONDUCTOR 


loaded and unloaded parts of the coaxial assembly. 


The attenuation resulting from a loaded centre conductor 
of this type, varies with frequency. This is overcome by 
varying the position of the piston, and thus the admittance 
at the centre of the attenuating section. In this manner 
exact adjustment of the attenuation is achieved at any 
frequency within the band 1 700 to 2 300Mc/s. With each 
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instrument the micrometer screw, controlling the position 
of the piston, is individually calibrated in frequency. The 
possibility of calibration inaccuracy, due to unintentional 
r.f. leakage past the piston, is minimized by a large dust- 
iron slug situated between the piston and the calibrated 
adjusting spindle. 


20-Watt Range Extension Unit 


The principle utilized in the design of the 1W range 
extension unit could not be satisfactorily applied in the 
case of the 20W unit—mainly due to considerations of 
physical size. The problem was therefore tackled in a 
different manner. 

A unit was designed within which a high-dissipation 
resistor provides a 500 coaxial termination. A minute frac- 
tion (1/20000) of the total power dissipated in this load 
is used to energize the thermistor head. 


When designing the terminating load, use was made of 
the fact that, in a coaxial transmission line having a linearly 
resistive centre conductor with a total resistance equal to 
Zo, a near-perfect termination may be obtained by tapering 
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Fig. 6. Mustrating the principle of a 500) coaxial termination 


the outer conductor in quasi-exponential fashion so as to 
join the inner conductor at the end remote from the source. 
When using this system, however, it is important that the 
dimensions of the coaxial line at the input end of the load 
resistor should be equivalent to Z,. This requirement tended 
to conflict with the idea of using a large diameter resistor 
in order to dissipate the required 20W. The solution to this 
problem takes the form of a constant-impedance tapered 
section to increase the physical dimensions of the coaxial 
line to correspond with the dictates of resistor diameter. 





of the 20-Watt range extension anit 


Fig. 6 shows, in much simplified form, the construction 
of a terminating load using this principle. The heavy-duty, 
high stability, resistor employed has a tubular ceramic 
former with a conducting outer coating of cracked carbon. 
Provided the outer conductor is tapered in the correct 
manner, such a device presents a remarkably pure input 
impedance over a very wide frequency range—the necessity 
for tuning controls being completely eliminated. 


The basic construction of a terminating load having 
been settled, the next problem involved methods of ‘ tap- 
ping off’ a small proportion of the energy in order to 
operate the power meter. It was also necessary, at this 
stage, to consider ways and means of adjusting the output 
level, so that an exact ImW would be available for the 
thermistor head when 20W was being dissipated in the 
main load. 

A ‘tapping clip’ on the load resistor, quite apart from 
its inaccessibility for adjustment purposes, was out of the 
question on the grounds of having to maintain a good 
v.s.w.r. The method finally adopted was simple in the 
extreme; it consisted of a probe inserted, to a greater or 
lesser degree, up the hollow centre of the 20W load. 

Although this method of coupling seemed highly desir- 
able,-it failed to meet one requirement—that of matching 
the 50Q thermistor head. In the final design, therefore. 
the probe itself is made of resistive material, and a three- 
foot length of lossy coaxial cable is interposed between 
the probe and thermistor head. This, of course, necessi- 
tates slightly increased coupling between the probe and the 
r.f. load resistor, in order to offset the attenuation due to 
the cable. However, the vast improvement in v.s.w.r., 
attendant upon using the lossy cable, completely out- 
weighs the very slight disadvantages of using increased 
coupling. 

As a matter of experience, rather than design, the lossy 
cable employed in the instrument has a characteristic im- 
pedance of 759. To match this cable to the 50Q thermistor 
head, a quarter-wave, 75/50, coaxial transformer forms 
part of the outlet socket. The non-availability of suitable 
50Q lossy cable was entirely responsible for this arrange- 
ment and, because of this, these particulars are not included 
in the final diagram (Fig. 7). 


Performance 

The complete equipment meets 
the original specification require- 
ments for an instrument to indicate 
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mean r.f. power in the frequency 
band 1700 to 2300Mc/s with an 
accuracy of +5 per cent of full 
scale deiiexion on a direct-reading 
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. meter. The instrument is completely 
' independent of external power sup- 
plies—apart from the power being 
! measured—and, using the acces- 
! . . . ° 
\ sories described, the basic range of 
; 0 to ImW can be extended to 
measure powers of 0 to 1W and 0 to 
' 20W. Lastly, under all conditions of 
measurement, the input impedance 
is 50002 with a v.s.w.r. of better 
than 1-2:1. 
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The White-Noise Method of Measuring Crosstalk and 
Noise Interference in Multi-Channel Telephone Link Systems 


By J. F. Golding * 


This article deals with a method, originally developed by the Post Office’, of obtaining a realistic measure of noise 


and intermodulation products in multi-channel telephone-link systems. 
simulation of full-traffic load conditions for the test. 


The use of a noise signal permits the 
The Marconi white noise test set, an example of a 


commercially available equipment for this type of measurement, is also described. 


Most of the noise and interference produced in multi- 
channel systems using frequency-division multiplexing is 
caused in two ways. The first and obvious cause is the 
noise energy generated in components of the link system 
itself. The second is intermodulation between channels 
due to various types of distortion in the system. 

A wideband telephone system normally carries between 
60 and 600 channels, each channel being formed by a single 
sideband of a carrier spaced 4kc/s from that of the adjacent 
channel. The sideband occupies a bandwidth of 3kc/s with 
lkc/s separation from the next channel. The channel is, 
however, normally regarded as occupying the full 4kc/s. 
Originally, this type of transmission was passed through 
land lines; and non-linear distortion was the predominant 
cause of intermodulation. The crosstalk so produced 
normally becomes audible to the subscriber as an inter- 
ference resembling random noise. 

Providing the intermodulation is produced almost entirely 
by non-linear distortion, a fairly satisfactory measure of the 
relative noise and intermodulation products can be obtained 
by :— 


(1) Applying a_ single-frequency tone and measuring 
both the harmonic distortion and the signal-to-noise 
ratio in a 4kc/s bandwidth. 


(2) Applying two tones simultaneously and measuring the 
cross modulation between ther. 


From the practice of using these two methods, a more or 
less standard way of evaluating this aspect of the performance 
of these transmission systems has arisen; viz., the ratio 
between unwanted noise and test-tone level in a 4kc/s channel. 

These methods do not, however, provide a realistic simula- 
tion of conditions during full-traffic periods of the systems. 
They are, indeed, particularly unsatisfactory when applied to 
radio links, which employ frequency or phase modulation 
almost exclusively. With these types of transmission low- 
level crosstalk is produced, not only by non-linear distortion, 
but also by what is known as delay distortion. This is 
selective phase distortion, whereby some of the frequency 
components of the transmitted signal are delayed relative to 
others. Thus the multiple sidebands of the frequency- 
or phase-modulated signal reach the receiver in the wrong 
relative phase. Delay distortion can be caused by reflection 
in transmission lines and waveguides. The intermodulation 
so produced adds to that caused by harmonic distortion and 
to the noise signals generated in the system and thus raises 
the interference level in the final output signal. 

The white noise method of measuring the interference 
suppression automatically takes all these factors into account 
and gives, as a measured result, a noise-power ratio figure 
which can either be used directly as a measure of the relative 
freedom from interference or converted to the more familiar 
ratio already mentioned by the application of a specified factor. 


* Marconi Instruments Lid 
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To carry out the test a band of random noise, derived 
from a special generator, is injected at the input of the 
transmission system in place of the multi-channel traffic 
signal. The bandwidth of this noise signal is equal to that 
of the base-band frequency range of the traffic signal—i.e., 
the total frequency range of the number of channels carried; 
and the mean level of noise energy is adjusted to be approxi- 
mately equal to the signal level exceeded during one per cent 
of the busy hour. 

The noise energy is passed through a number of band- 
stop filters which produce ‘holes’ or quiet channels in the 
output frequency characteristic of the noise generator. 

The output from the receiving end of the link system is 
fed to a noise receiver, having a narrow acceptance band 
whose centre frequency can be adjusted to coincide with 
the centre frequency of any one of the band-stop filters in 
the noise generator. With the receiver set to the centre 
frequency of a particular filter, the output from the link 
system is measured with the filter in and out of circuit, and 
the ratio between the two output levels measured is expressed 
in decibels. 

The figure obtained as a result of this test is known as the 
noise-power ratio of the system. To convert it to the ratio 
of test-tone level to unwanted noise in a 4kc/s channel, the 
factor obtained from the following expression should be 


applied :— 
A 
R (P — 10 log -) dB 
4 


Where R is the conversion factor 
P is the multi-channel signal power exceeded for 


1 per cent of the busiest hour, measured at a 
zero-level point in the system expressed in dBm 


Ais the bandwidth of the multi-channel signal 
in ke/s. 


This factor is expressed in decibels and should, therefore, 
be added to the noise-power ratio obtained by the measure- 
ment. 


The Test Set 

The following description of the arrangement of the 
Marconi white noise test set type OA1249 will serve to 
illustrate in more detail a practical application of the method 
of test. The basic arrangement of the equipment is shown in 
Fig. 1 as a block schematic diagram. From this diagram it 
can be seen that the test set comprises two main units—the 
noise generator and the noise receiver. 


THE Noise GENERATOR 

The noise signal originates from a noise diode. This type 
of noise source produces a band of random noise considerably 
wider than the base-band frequency range of the types of link 
equipment for which the test set is intended. It operates in 
a conventional circuit, in which the anode is held at a positive 
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potential with respect to the cathode in order to ensure that 
all the electrons leaving the cathode reach the anode. The level 
of noise voltage developed across the diode load is directly 
proportion al to the d.c. diode current, which is, in turn, 
proportional to cathode temperature. This is controlled 
by a variable resistor in series with the d.c. filament supply. 

The noise signal from the diode is applied to the input of a 
wideband amplifier. This is the first of a pair of amplifiers 
and may be called the low-level amplifier for the sake of 
convenience. It comprises four RC coupled stages in cascade 
feeding a cathode-follower output valve. Correction of the 
response to the higher frequencies within the band is effected 
by the use of an LC circuit in series with the anode loads of 
the amplifier valves. The cathode-follower output valve 
delivers the noise signal from a low source-impedance to 
match the filter circuits that follow the amplifier. 

The noise signal from the cathode-follower is fed, via a 
capacitive coupling, to a high-pass filter having a cut-off 


The output from the high-level amplifier is passed through 
a network of switches and band-stop filters, so arranged that 
the noise signal can be passed through one or more filter 
or fed directly to an output attenuator. There is a separate 
switch for each filter. 

The centre frequencies of the stop-bands of these filters 
are 70kc/s, 290kc/s, 534kc/s, 1002kc/s, and 2438kc/s 
respectively. Each stop-band is 4kc/s wide and introduces a 
loss of 80dB over this range. The switches are of rather a 
specialized nature, with earthed contacts acting as screens. 
This refinement is necessary in order to avoid capacitive 
coupling across the switch to a degree which may seriously 
reduce the 80dB insertion loss introduced by the filter. 

The noise signal from the filter network is fed to the coaxial 
outlet via a 75Q attenuator whose insertion loss is variable 
in 0-5dB steps over the range 0 to 61:5dB. The input to this 
attenuator is monitored by a diode voltmeter—comprising a 
moving-coil meter and two germanium diodes—which is 
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Fig. 1. Block schematic diagram of Marconi white-noise test set 


frequency of 60kc/s. It is then passed through a low-pass 
filter having a cut-off frequency of 2-54Mc/s. The combined 
effect of these two filters is the production of a noise band- 
width extending from 60kc/s to 2:-54Mc/s. 

By the use of plug and socket connexions, the output 
signal from the second of these filters can either be fed 
directly to the input of the second wideband amplifier or 
one of three additional low-pass filters can be introduced. 
The frequencies of these additional filters are (1) 1-052Mc/s 
giving. a noise bandwidth corresponding to a 240 channel 
base-band, (2) 522kc/s, corresponding to a 120 channel 
base-band, and (3) 300kc/s, corresponding to a 60 channel 
base-band. 

The second—high-level—amplifier comprises three RC 
coupled voltage amplifying stages feeding a transformer- 
coupled output stage. A single loop of negative feedback 
from the output stage to the second amplifying stage carries 
an RC network which provides part of the necessary fre- 
quency-response correction. There is also a preset variable 
inductor, in series with the anode load of the output valve, 
and this provides the additional correction required. 
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calibrated in arbitrary noise units. 

When the test set is in use, the noise output is adjusted 
by means of the diode current control, to deflect the meter to a 
predetermined reference indication. With zero attenuation, 
the mean noise output is then 15dBm for the 600 channel 
bandwidth, 12dBm for the 240 channel bandwidth and 
10:-5dBm for the 120 channel bandwidth. The output 
attenuator may be adjusted to produce a final mean noise 
level which is equivalent to the input level at full-traffic load 
on the link system. 

The general form of the noise output characteristic is 
shown in Fig. 2. With all band-stop filters switched out of 
circuit, the characteristics is as shown in Fig. 2(a). The 
introduction of the filters modifies the characteristic to that 
shown in Fig. 2(b), for one filter in circuit, or Fig. 2(c) for 
all the filters in circuit. 


THe Noise RECEIVER 

The narrow bandwidth and low internal noise, which are 
mandatory to the successful operation of the receiver, have 
necessitated the use of a somewhat unorthodox design. 
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The signal from the equipment under test enters the 
receiver via a 752 attenuator which is variable in steps of 
0-5dB over a range 0 to 80dB. This attenuator plays an 
important part in the slideback method of measuring noise- 
power ratio. 

From the attenuator, the noise signal goes to an over- 
coupled band-pass filter having a very steep-sided response 
with a certain amount of double-humping. This filter 
forms the grid circuit of the pentode input stage of the 
receiver. The tuned anode load of this valve has a very 
narrow bandwidth and, since it resonates at the centre 
frequency of the filter, the combined effect is one of producing 
an extremely well defined input-stage pass-band with an 
attenuation of off-tune signals exceeding 80dB. There are 
five input-filter/anode-load pairs selected by means of a 
frequency-selector switch, their centre frequencies correspond- 
ing to those of the five band-stop filters in the noise generator. 
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Fig. 2. The form of the noise-output characteristic of the noise generator 
(a) With no bandstop filters in circuit 
(b) With one bandstop filter in circuit 
(c) With all the bandstop filters in circuit 





The input stage is followed by a frequency changer com- 
prising a hexode mixer and a separate oscillator. This 
oscillator’s tuning inductor is selected by means of a wafer 
on the frequency-selected switch. The frequency of the 
oscillator coincides with the centre frequency of the input- 
stage pass-band; and the output of the mixer is therefore 
composed of both the upper and lower sidebands which add 
together over a frequency band covering from zero to about 
1-2kc/s. However, the noise power from the mixer is 
equivalent to that contained in the total bandwidth of the 
input stage, which is, of course, twice that of the mixer 
output. 

This output then passes through a low-frequency band- 
pass filter having a pass-band of 200 to 800c/s. It is this 
filter that finally determines the acceptance band of the 
receiver; and, because the signal passing through it is the 
sum of-the upper and lower sidebands of the local-oscillator 
‘carrier’, its 800c/s upper cut-off frequency produces an 
overali receiver bandwidth of 1-6kc/s. This is well within 
the ‘80dB’ bandwidth of the bandstop filters in the noise 
generator, so that, for any given setting of the frequency- 
selector switch, the receiver's response can be regarded as 
‘fitting into’ the stop-band of the appropriate filter in the 
noise generator. The lower cut-off frequency (200c/s) of 
the receiver’s low-frequency filter produces a 400c/s gap in 
the middle of the overall response characteristic, so that the 
amount of noise energy actually reaching the Lf. stages 
which follow is equivalent to that contained in a noise 
bandwidth of 1-2kc/s. ' 
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This noise signal is amplified by means of a high-gain Lf. 
amplifier and applied to a diode voltmeter. The I.f. amplifier 
provides almost the whole of the receiver gain—some 80dB. 
The gain of the input stage is deliberately kept low because a 
high level of input to the mixer may produce spurious noise 
and cause errors in the final measurement. 


MEASUREMENT OF NOISE-POWER RATIO 

The method of using the white noise test set is simplified by 
the fixed alignment of the receiver frequency with the stop-band 
of each quiet-channel filter in the noise generator. 

The output of the noise generator is applied to the input 
of the system under test, the noise generator’s output band 
and level having been previously set up as described earlier 
in this article, and the noise output of the system is fed to the 
receiver. 

The quiet-channel frequency at which the test is to be 
made is then decided, and the receiver’s frequency-selector 
switch is set accordingly. The appropriate band-stop filter 
is switched into circuit at the noise generator and, with the 
receiver’s input attenuator set to zero insertion loss, the 
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receiver gain is adjusted for a convenient reading on the panel 
meter. The bandstop filter is then switched out of circuit, 
and the receiver’s input attenuator is adjusted to return the 
meter pointer to the same reading. 

The noise-power ratio is then indicated directly in decibels 
by the setting of the input attenuator. 


The Practical Installation 


When this type of test set is used in connexion with a 
transmission system which is in operational use, the noise 
generator and its associated receiver are inevitably separated 
by some considerable distance. The test procedure, in these 
circumstances, must necessarily be carried out by two 
operators having some means of communication between 
them. 

Normally, a telephone-link system is two way, and the 
arrangement shown in Fig. 3 may be used. This diagram is 
self explanatory regarding electrical arrangement. Noise 
generator A is associated with receiver A, and noise generator 
B with receiver B. Where the test equipment forms part of 
the permanent installation, generator A and receiver B 
would probably be mounted in a rack together at one terminal 
station, with generator B and receiver A assembled similarly 
at the other. 

The test equipment is, however, aiso used on radio link 
equipment at factories and stores, with the receiving terminal 
separated from the transmitter by only a short physical 
distance. A complete white noise test set comprising the 
noise generator and its associated noise receiver may then 
form a single rack-mounted assembly. 
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BOOK REVIEWS 


Transistor Electronics 


By David Dewitt and Arthur L. Rossoff. 381 pp. 
80 figs. Demy 8vo. McGraw-Hill Publishing Co. 
Ltd. 1957. Price 60s. 

O cover the ground between the 

structure of the atom and the design 
of transistor amplifier and switching cir- 
cuits in less than 400 clearly-printed 
pages requires a certain amount of con- 
densation. It is no reflection on the 
authors that this is achieved by a lack 
of rigour and occasional superficiality. 
This book is intended as an introduction 
to transistors for the electronic engineer; 
for those who require a deeper treatment 
of particular points there is an adequate 
bibliography. 


The main topics are: the Bohr Atom; 
quantum mechanics and the semiconduc- 
tor; the pn junction; the transistor; the 
small-signal equivalent circuit; d.c. condi- 
tions and stabilization; the audio power 
amplifier; general amplifier circuits, feed- 
back (but with little discussion of feed- 
back problems peculiar to transistor 
amplifiers), and the use of matrices; high 
frequency amplification; large-signal tran- 
sient response and switching; mixers and 
demodulators; radio receivers; other 
transistor types, including an analysis of 
the drift transistor; and transistor noise. 
A feature of the book is that the mathe- 
matics, of which there is necessarily a 
large amount, is from first to last 
illuminated by constant reference to prac- 
tice and to fundamental physical pro- 
cesses. As a further aid to comprehension 
some problems on the content of each 
chapter are given at the end of the book. 
The appendices give the physical proper- 
ties of germanium and silicon, the values 
of some physical constants, and matrix 
and determinant interrelations. A list of 
symbols would have been useful, and 
might have helped to avoid some minor 
lapses. 


The diagrams are sometimes rather 
small but always clear, and are placed 
appropriately in the text. Printing errors 
are few. The book is American, but 
peculiarly so only in the circuit symbols 
used and occasionally the grammar and 
terminology (e.g. one-shot multivibrator); 
there is no loss of clarity. 


The number of books on transistors is 
growing rapidly; it seems unfortunate, 
but is perhaps symptomatic, that the 
authors chose a title which has been used 
before. However, this book is un- 
doubtedly among the best of its kind; by 
its nature it will not date rapidly; and 
both the student and the practicing engi- 
neer who wishes to refresh his meniory 
or seeks an introduction to some 
unfamiliar aspect of transistors will find 
it of great value. 


F. HiIBBerD. 
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L’Automatique des Informations 


By F. H. Raymond. 188 pp. 51 figs. Demy 8vo. 
Masson & Cie, Paris. 1957. Price Fr.1 600 
“T ’Automatique des Informations” 
deals chiefly with the digital com- 
puter. It is, however, not with electrical 
and mechanical details, nor with mathe- 
matics, that the author concerns himself. 
His emphasis is on fundamental notions— 
the representation of numerals in various 
coded forms each having their different 
merits, logical combination theory, the 
basic capabilities that a computer must 
have, and the manner in which it can be 
programmed. 

These topics are minutely explored, 
classified, illuminated. At times the 
approach strikes one as tedious, but in 
general one is grateful to the author for 
having called a halt, as it were, in a 
rapidly-growing field and devoted so much 
patience to a loving exposition of its 
foundations. An introductory tribute 
speaks of the pages as “dénudant le corps 
et l’€me d’une calculatrice.” It is an apt 
comment and, for those who are 
employed in programming or in com- 
puter design, this sifting of the essentials 
may well throw a refreshing light on con- 
cepts grown over-familiar. 

The book includes a chapter on ana- 
logue techniques. It also gives a thought- 
ful survey of the field of automata in 
general and of the history of their 
development - governors, servo mecha- 
nisms, and data-handling and computing 
devices. 


T. L. CRAVEN. 


Technology of Instrumentation 


By E. B. Pearson. 202 pp. 95 figs. Demy $8vo. 
English Universities Press Ltd. 1957. Price 25s. 


UCH a wide subject as the title 

imputes cannot be covered in two 
hundred pages. In the General Editor’s 
Foreword it is stated that the book sets 
out to answer the problem—how to 
design an instrument which will 
measure ...., but the author refers to 
automatic ccntrol, computing and 
dynamic measurements of time-variant 
quantities .. . .. a much more limited 
scope. The book really deals primarily 
with the theory of servo-mechanisms for 
position control, which it does very 
thoroughly: it may prove to be a 
reference work as well as a_ text-book. 
Theory is predominant, with little 
reference to instruments in general use; 
for example some of the principles of 
selsyns and magslips are given, but 
neither name is quoted, Readers looking 
for design information on_ electrical 
measuring instruments, for example, will 
find nothing on the electrical side, but an 
excellent theoretical treatment of torque, 
damping, natural frequency, etc. Feed- 
back, both mechanical and electrical is 
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very fully treated mathematically and 
there is an introduuction to ways by 
which some simple mathematical opera- 
tions can be performed by inanimate de- 
vices, such as differentiation and integra- 
tion, and including an outline of analogue 
computers. The terminology is mainly 
correct, but the author’s physics training 
is obvious. In some instances it is diffi- 
cult to decide if ‘capacity’ is meant for 
physical capacity or is a mistake for 
capacitance. Within its actual scope the 
book is very good. 
E. H. W. BANNER 


Mechanical Resolution of Linguistic 
Problems 


By A. D. Booth, L. Brandwood and J. P. Cleave. 
306 pp. 19 figs. Demy 8vo. Academic Press, Inc., 
New York. Butterworths Scientific Publications, 
London. 1958. Price 50s. 


T is only twelve years since the use 

of.a machine to translate one language 
to another was first suggested. Today 
one has the impression that ambiguity of 
word-meaning is the only problem that 
still presents serious difficulties. It 
seems fairly certain that all problems of 
syntax can be made amenable to hand- 
ling by computer and that, at least if the 
subject matter be restricted to a given 
field, the finished translation can be of 
such a standard as to require little or 
no editing after it emerges from the 
machine. The syntactical rules devised 
for the machine are often artificial— 
utility, we are told, is their only 
criterion. It must be remembered, 
though, that even in the spontaneous 
development of a language it is utility 
that is the unconscious guide. 

Mechanical Resolution of Linguistic 
Problems is an account of some of the 
results which have been obtained at 
Birkbeck College Computational Labora- 
tory on the application of digital com- 
puters to translation and some other lin- 
guistic problems. 

The early pages give a historical re- 
view, and then proceed to outline the 
general principles of data-processing 
machinery, including the APEXC com- 
puter used at the college. One feels 
that the operation of this computer 
should have been explained more 
clearly in view of the extent to which 
an ability to understand its programmes 
is necessary in reading some later parts 
of the book. In particular, the table of 
computer orders seems as if taken in its 
entirety from some other source, and 
could with advantage have been made 
more explicit. The reader must deduce 
for himself that the third column, mys- 
teriously headed “C,”, refers (or so your 
reviewer believes) to the setting of the 
counter. For that matter, it is only the 
first and the last of the five columns that 
appear to be necessary to the reader. 

Two interesting chapters deal with the 
use of computers in literary research. To 
take an example, it appears that an 
author's works, of dates unknown, can 
sometimes be tentatively arranged in 
chronological order by noting a changing 
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trend in the use of certain words or cer- 


tain sentence structures. The discovery 
of such trends demands an enormous 
amount of counting and sorting, and for 
this a computer is invaluable. 


There follows a clear exposition of the 
approach to the basic problems of 
machine translation—the arrangement of 
the dictionary and the dictionary-search 
procedure, recognition of stems and 
endings and the correct interpretation of 
the latter, word-order re-arrangement, 
idioms, and the resolution of ambigui- 
ties. Then come some accounts of in- 
vestigations into machine translations of 
specific languages. 

These accounts, which form the 
greater part of the book, exhibit an un- 
fortunate variation of approach and size 
of the chapters. The different approaches 
are understandable—one reason is that 
the scope of the investigations has 
varied—but, as to size, the reader must 
be warned that no less than 162 of the 
306 pages in this book are given to one 
sole chapter which presents some of the 
main problems to be faced in the 
machine translation of German. There 
is, in consequence, a lack of balance. 
One feels that one has been reading the 
laboratory reports available to date. 
And yet that, perhaps, is a very good 
thing—there has been so little published 
on this subject, and things are moving 
fast. 


T. L. Craven. 


Elements of Tape Recorder Circuits 


eS tee yimy rary ne. 1881. Pres 
$2-90 paper cover, $5 

HIS book is written singe both the 

audiophile and _ technician. Basic 
design principles, with a minimum of 
arithmetic, are included so that the reader 
may modify his own equipment to suit 
his particular needs. 

The various chapters are concerned 
with the electronic functions of the tape 
recorder, why these functions are called 
for and the means of performing them. 
The fundamental problems of frequency 
response, distortion and noise are dealt 
with in terms of design and of extracting 
optimum performance from a given re- 
corder. Requirements for high quality 
performance are given and basic circuitry 
is described and evaluated. 


Electronic Engineer’s Reference 
Book 


a aa oe 
FTER the preliminary pages which 
include two articles on the history 

of electronics, the body of the text has 

been divided into nine main parts: Funda- 
mentals, Radiations, Electrics, Valves, 

Materials, Vibrations, Computers, Auto- 

matics, and Miscellaneous. 

This reference took endeavours to put 
before engineers in industry and in 
development laboratories some of the 
latest knowledge and techniques. 
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Nuclear Energy in Industry 
2 + 6 Sr 1 £8 Ge, Seay Sve. 


Price 17s. 6d 

HIS book is the outcome of the 
author’s attendance at the Inter- 
national Conference on the Peaceful Uses 
of Atomic Energy held in Geneva in 
1956. It tells the story of development 
culminating in the building of nuclear 
power stations in this country and over- 
seas, and describes the role of the radio- 
isotope in industry and its effect on tech- 
niques and processes. The book makes 
interesting reading for the layman and is 
recommended for those interested in the 
future of industry. 


Control Engineering Manual 
Royal = meow Hilly Publishing C hy 
New York and London. 1957 . 6d. 

HIS manual consists lose siden that 

have appeared in Control Engineer- 
ing. It deals with specification of con- 
trol systems, synthesis of control systems, 
evaluating control systems, generating 
control functions, design techniques, ana- 
logue computers, non-linearity in control 
systems, etc. 


Electronic Designer’s Handbook 


5 ay me fy Davis and A. P. 
a 


Hit Pabiahing "Ci o. Lia New ‘ork and 


THs handbook gives fundamentals 
and data to aid in the design of vari- 
ous types of electronic equipment. A 
large number of the circuits used by 
engineers is covered, with theoretical and 
technical discussions and explanations, 
design examples to show application of 
theory, and graphical and tabular data 
needed in day-to-day design work. 

There are twenty-three sections rang- 
ing from vacuum tube fundamentals and 
voltage and power amplifiers to such 
topics as computer and servomechanism 
techniques and waveform and network 
analysis. 


Installing Electronic Data 
Processing Systems 
By R. G. Canning. 190 pp. 40 figs. John way 


Sons, Inc., New York. Chapman & Hall Ltd, 
don. 1957. Price 48s. 


Ts book deals with the high-cost 
aspects of installing electronic data 
processing systems, training of personnel, 
programming, physical installation of the 
system, and the early phases of operation. 
It is written in non-technical language 
and assumes that the reader is relatively 
unacquainted with electronic computers. 


Frequency-Modulated Radio 
By K. R. Sturley. 120 pp. 40 figs. Demy 8vo. 
2nd edition. George Newnes Ltd. 1958. Price 15s. 
— purpose of this book is to explain 

the general principles, theory, design, 
construction and servicing of v-h.f./f.m. 
receivers. Each stage of a v.h.f./f.m. 
receiver is analysed in detail, and a chap- 
ter is also devoted to the special features 
of combined a.m./f.m. receivers. 

In this new edition, information has 
been included on the counter-type detec- 
tor and other revisions have been made. 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


MICROWAVE TEST BENCH 
(Illustrated below) 


Microwave Instruments Ltd, West Chirton 
industrial Estate, North Shields, 
Northumberland 


i. Micro bench type 3930 is essen- 
tially a complete X band test bench for 
the teaching and demonstration of micro- 
wave technique, with complementary uses 
in industry, for microwave measurement 
and research. Basically it comprises a 
high quality stabilized power unit (type 
3950), on to whose sloping front panel 
is mounted the waveguide assembly (type 
3900). All those instruments necessary 
for microwave measurements are incor- 
porated into the short No. 16 waveguide 
run and these are:—klystron mount, set- 
ting attenuator, frequency meter, direc- 
tional coupler, and sampling crystal, 
measurement attenuator and standing- 
wave meter, design frequency being 
9375Mc/s (32cm) and the range of the 
723 A/B klystron 8 500 to 9 660Mc/s. 


The standing wave meter which is the 
only detachable item on the waveguide 
is capable of measuring v.s.w.r. in the 
order of 0°99 (1-01) and is controlled by 
a knob on the front of the instrument. 
Variation of probe penetration to a maxi- 
mum of 3mm is provided and the tuned 
line can be adjusted to 3-2cm at the centre 
ef its travel. Each instrument is capa- 
ble of accurate measurement and the 
supply power unit is specifically designed 
to suit the requirements of the klystron 
used 

The resonator and reflector voltages 
are shown on a 34in meter which also 
serves to indicate the cathode current of 
the klystron and as a monitor for the 
u.h.f. generated in the waveguide. A 
separate meter is needed to measure the 
output from the standing wave indicator 
and for this purpose a matching unit is 
available, the transistor amplifier T.A.2.B. 
having a sensitivity of 2“V r.m.s. for full 
scale deflexion. 


500W R.F. POWER METER 
(illustrated in next column) 
Marconi Instruments Ltd, St. Albans, 
Hertfordshire 


ITH this instrument, Type TF 1205, 
direct measurement of powers up to 
500W may be made at any frequency 
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accessories and test instruments. 


from d.c. to 500Mc/s. The equipment has 
commercial as well as military applica- 
tions, satisfying the requirements of the 
ever increasing number of transmitter 
operators who ate working on higher 
powers and frequencies in the v.h.f. and 
u.h.f. bands. 

An absorption-type instrument, the 
TF 1205 is ruggedized, completely self- 
contained and fully transportable, The 
dissipative element is oil immersed and 
cooling of the finned outer casing is by 
free air convection. The design obviates 
the need for water or forced-air cooling 
and yet retains the advantages of com- 
pactness and a sealed construction. 

The directly calibrated meter has a sub- 
stantially linear scale and indicates true 
mean power, irrespective of waveform. 
Intended for direct connexion to a 
coaxial cable, the power meter has an 
input impedance of 502. 

The dissipative element in the TF 1205 
consists of a heavy-duty high-stability 
resistor of tubular form, so mounted that 
it forms the central conductor of a slab 
or parallel-plate line. The input power is 
fed to the ‘live’ end of the resistor by an 
outward-tapering section which preserves 
a constant impedance between the 
connector and the relatively large- 
dimensioned resistor. From ‘live’ to 
‘earthy’ end of the resistor, the broad 
metal plates which form the outer con- 
ductor have an inward taper so that con- 
tinuous matching is maintained along the 
whole length of the resistor. Efficient 
cooling is obtained by immersing the 
complete slab-line assembly in a tank of 
transformer oil. Cooling fins provide a 
total surface area of over twenty square 
feet. By this means the overall tempera- 
ture rise of the oil is restricted to approxi- 
mately 30°C. 


The measuring circuit comprises a 





vacuum thermocouple, fed from a tap on 
the load resistor, and a moving-coil meter 
mounted in a separate indicator unit. 
The latter can be attached to the top of 
the main assembly or used remote from it 
up to the full six feet allowed by the con- 
necting cable. 


WAVEMETER 
(Illustrated below) 


Flann Microwave Instruments Ltd, 
133 Munster Road, Teddington, 
Middlesex 


HIS instrument (type 16/7) consists of 

a length of waveguide that supports, 
on one narrow wall, a high Q resonant 
cavity operating in the TE mode. 
Coupling between the waveguide and the 
cavity is through two symmetrical holes 
at the end of the cavity, in the common 
waveguide and cavity wall. Spurious mode 
resonances are inhibited by interruption 
of current paths in the appropriate points. 


Tuning of the cavity is effected by 
means of a micrometer head that is 
coupled to a spherical plunger. A disk of 
lossy material behind the plunger is fitted 
to damp out resonances that may other- 
wise occur. The cavity is hermetically 
sealed to guard against changes of 
humidity. 

Although the wavemeter can only be 
used from 8-4kMc/s to 10kMc/s without 
ambiguous readings, it is possible to use 
the instrument up to 12-4kMc/s if the 
frequency is roughly known within 
500Mc/s. 

The instrument is finished in silver and 
rhodium plate with external surfaces in 
dark green. 

The waveguide is 0-9in x 0-4in, the 
unloaded Q20000 and the Iloaded 
Q10000. The calibration accuracy 
IMc/s and the descrimination 200kc/s. 


DIP-BRAZED ALUMINIUM 
WAVEGUIDE 


(Illustrated above right) 


General Electric Co. Ltd, Magnet House, 
ingsway, London, W.C.2 


AS for the ready manu- 
facture of almost any shape of wave- 
guide components, providing much lighter 
and more flexible designs, has been 
developed by the G.E.C. The process 
involves the use of specially coated 
aluminium sheet which is punched and 
assembled by an interlocking tag and 


MAY 1958 





slot construction, thus dispensing with the 
necessity of assembly and brazing jigs. 
This feature enables the whole unit to 
be brought up to temperature quickly and 
uniformly by means of salt-bath brazing, 
eliminating the distortion experienced 
with torch brazing methods. In addition, 
the salt dip-braze produces cleaner and 
more uniform joints, and on X-band 
waveguide, tolerances can be maintained 
to within -002in. 

Using this technique, it has been 
possible to replace a complex system of 
aluminium die-cast waveguide compo- 
nents for an airborne radar transmitter- 
receiver. The net reduction in weight 
was from 8lb to less than IIb. 


A.M.-F.M. MODULATION METER 
(Illustrated below) 

Airmec Ltd, High Wycombe, Buckinghamshire 
HE modulation meter type 210 may 
be used to measure the percentage 

modulation of amplitude modulated sig- 
nals and the peak deviation of frequency 
modulated signals in the carrier frequency 
range 2:°25Mc/s to 300Mc/s. Operation 
with reduced sensitivity is possible up to 
a frequency of 600Mc/s. Modulation 
depths up to 100 per cent and frequency 
deviations up to + 100kc/s, may be mea- 
sured in the modulation frequency range 
30c/s to 15kc/s. 

Outputs at the intermediate frequency 
of 750kc/s and at low frequency are 
available from terminals on the front 
panel. These outputs enable the modu- 
lated envelope of the input signal and the 
demodulated signals to be observed on an 
oscilloscope. 

The limiting action of the instrument 
is so effective that it can be used to mea- 
sure spurious frequency modulation 
occurring on amplitude modulated sig- 
nals. Furthermore, changes of mean 
carrier level when amplitude modulation 
is applied can be measured to an accu- 
racy of better than +1 per cent. 
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One of the most attractive features of 
the instrument is its simplicity of opera- 
tion. The tuning control is adjusted 
until a meter reading is obtained, and the 
input attenuator adjusted for full scale 
deflexion. It is then only necessary to 
switch to the a.m. or one of the f.m. 
positions to obtain a direct reading of 
modulation. 


MICROWAVE SIGNAL 
GENERATORS 
(llustrated below) 


W. H. Sand (El ics) Ltd, 
Gunnels Wood Road, Stevenage, 
Hertfordshire 


RANGE of signal generators are 

available to provide oscillation over 
the band 2kMc/s to 12kMc/s. A typical 
one (illustrated) is the XT.314 used to 
measure the performance of receivers and 
for general laboratory measurements in the 
frequency range 7 to 12kMc/s. A piston 
attenuator provides a calibrated output 
adjustable between + 10dBm and 
—100dBm at a 5002 type N socket on the 
front panel. An internal power set control 





is provided to establish a reference power 
level of ImW. Facilities are provided for 
internal square and pulse modulation at a 
frequency of 3kc/s together with a syn- 
chonizing signal output. There is also 
provision for external pulse modulation 
from a source delivering a SV _ positive 
pulse with a duration greater than 
O-lusec, and for frequency modulation. 


NEW KLYSTRONS 
English Electric Valve Co. Ltd, Chelmsford, 
Essex 


HE K345 is a newly-developed E.E.V. 

medium power reflex klystron oscilla- 
tor giving an output of 1-2W and is an 
equivalent of the American type VA220. 
The K345 has been designed particularly 
for microwave links. Good linearity of 
the frequency versus reflector voltage 
characteristic ensures low f.m. distortion. 
Frequency stability is improved by the 
addition of an external tuning cavity. 

There are seven ffequency variants 
which together cover the band from 
5 925 to 8 025Mc/s. 

The high power K339 for c.w. opera- 
tion in the u.h.f. range 1 400 to 1 600Mc/s 
gives an output of 10kW at 30 per cent 
efficiency with a bandwidth of S5Mc/s. 
This valve is a four cavity design with 
water cooled collector and drift sections. 
Up to 55dB gain is obtainable. 

The K350 is a two resonator klystron 
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oscillator which has been specifically 
designed to have low noise modulation and 
good frequency stability making it especi- 
ally suitable for the latest airborne f.m. 
radar applications. Output power is 
approximately IW over the frequency 
band 8500 to 10000Mc/s. This valve 
operates at a beam voltage varying from 
650 to 950V over the frequency band 
and has an electronic tuning range of 
about 12Mc/s between half power points. 

The K343 is a low voltage reflex 
kiystron giving 20mW minimum output 
for an input of 350V, 20mA. Mechanical 
tuning covers 12 000 to 14500Mc/s, The 
output connexion is American type 
UG419/U into No. 18 waveguide. The 
moulded base and flying leads permit high 
altitude operation without pressurization. 
The K346 is similar except that its tuning 
range is 14 500 to 17 000Mc/s. 


R.F. REFLECTOMETER 
(Illustrated below) 


General Electric Co. Lid, Magnet 
Kingsway, London, W.C.2 


HE use of this instrument substantially 

reduces the time needed to test wide- 
band waveguide and coaxial line com- 
ponents. Hitherto a laborious process 
taking a matter of days, work of this 
nature can now be accomplished in a few 
hours. The reflectometer displays the 
magnitude of the reflection coefficient of 
a microwave device on a _ cathode-ray 
oscilloscope, and can also be used to 
show transmission coefficient. 

The three essential components of the 
reflectometer are a microwave generator 
with power supplies, electronic frequency 
scanning supply and a regulating feed- 
back circuit; an r.f. circuit comprising 
level-setting attenuator, wavemeter, and 
two directional coupliers each with a 
crystal detector and matched load on the 
coupled arm, and an oscilloscope, with 
power supplies, amplifiers and display 
circuits. 

The complete equipment is at present 
available in waveguide 16 for X-band 
(7 500 to 11 000Mc/s), and in coaxial line 
for S-band (2 000 to 3200, or 2400 to 
4 000Mc/s). 
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Short News Items 


H.R.H. The Duke of Edinburgh has 
consented to be patron of the Electronic 
Computer Exhibition and Business Sym- 
posium to be held at Olympia, London, 
from 28 November to 4 December 1958. 


‘Hazel’, a new zero-energy reactor, is 
now operating at the Atomic Energy 
Research Establishment at Harwell. 
‘Hazel’ (homogeneous assembly-zero 
energy) uses enriched uranium fuel in the 
form of a salt of uranium curany] fluoride 
which is dissolved in the heavy water used 
as a moderator. The core of the reactor 
is a stainless steel cylinder (7ft high by 
2ft diameter) surrounded by a graphite 
reflector. The fuel solution is pumped 
into the cylinder from two nearby stor- 
age vessels. The system is controlled by 
adjusting the level of the fuel solution 
in the reactor vessel and by moving a 
vertical neutron-absorbing cadmium plate 
into the gap between the steel cylinder 
and the graphite reflector. Two cadmium 
plates similar to the control device are 
used as ‘shut-off’ rods: two additional 
* shut-off’ rods can be dropped vertically 
into the fuel solution in the reactor 
vessel. The reactor will be operated at 
a power of less than a watt and cooling 
is not necessary. ‘ Hazel’ will be used to 
obtain basic nuclear information. An 
earlier system at Harwell, ZETR (zero 
energy thermal reactor) was used to 
study solutions of nuclear fuel in 
ordinary water. 


Standard Telephones and Cables Ltd 
have received an order from the National 
Physical Research Laboratory of the 
Council for Scientific and Industrial 
Research of South Africa for an elec- 
tronic digital computer. The machine is 
called ‘Stantec Zebra’ and will be used 
to carry out calculations for pure and 
applied research problems by the 
N.P.R.L.’s Applied Mathematics Section. 
Work in a variety of fields will be under- 
taken including nuclear physics, crystal- 
lography dynamics, telecommunication 
and statistical problems. It will also be 
made available to industrial organiza- 
tions in the Union of South Africa. 
Similar machines have been sold to 
universities and research centres in Eng- 
land, Holland and Switzerland. 


The BBC has announced that with the 
approval of the Postmaster General, low 
power television stations are to be in- 
stalled at Swingate, near Dover, and in 
Folkestone. The difficulties that had 
arisen in finding wavelength channels on 
which these stations can operate without 
causing interference elsewhere have now 
been overcome, and both stations will 
be put into service as quickly as possible. 


Mr. Graham Phillips has been seconded 
_o the Kenya Government Broadcasting 
Service as Chief Broadcasting Engineer. 
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A radio telecommunications system, 
the largest of its type in the world, was 
inaugurated recently in Nigeria by the 
Nigerian Minister of Communications 
and Aviation. Marconi’s Wireless Tele- 
graph Co Ltd have been responsible for 
the construction of the whole system, 
which is capable of providing an ulti- 
mate capacity of over 50000 channel 
miles. Marconi v.h.f. multi-channel 
equipment has been used at all the 14 
terminal and 25 repeater stations. With 
the completion of this scheme internal 
communications in Nigeria have made 
a significant advance. It is now possible 
to telephone from Lagos to many pro- 
vincial towns whose local services have 
not’ previously been connected into a 
national network. The important centres 
now linked by first class trunk services 
include Lagos, Ibadan, Benin, Onitsha, 
Enugu and Kaduna. 


The Mechanical Engineering Research 
Laboratory, East Kilbride, Glasgow, is 
to hold Open Days on Wednesday, 
4 June, and Thursday, 5 June. Repre- 
sentatives of any organization with 
engineering interests will be welcome. 
Applications for invitations, stating which 
day is preferred, should be sent to the 
Director. The whole of M.E.R.L. will 
be open for inspection, including two 
new laboratories for research on mech- 
anisms and engineering metrology, and 
for research on heat transfer. 





ARTICLES HELD-OVER 


Due to the limitation of space, 
the following articles submitted 
for this issue have had to be 
omitted. 

“Aerial Feeders” by L. Lewin 
and J. Paine (Standard Telephones 
and Cables, Ltd) 

“New Equipment for Testing 
the Linearity of Modulators and 
Demodulators in Multi-Channel 
F.M. Transmitters and Receivers” 
by G. C. Davey (Marconi Instru- 
ments, Ltd) 

“Two Automatic Impedance 
Plotters” by R. S. Cole and W. N. 
Honeyman (E.M.I. Electronics, 
Ltd) 

“Use of Scale Model Techni- 
ques in the Design of V.H.F. and 
U.H.F. Aerials” by F. J. H. 
Charman, J. Thraves and E. F. 
Walker (E.M.I. Electronics, Ltd) 

They will, however, be pub- 
lished in the near future. 

“Letters to the Editor” 
also had to be held-over 
next month. 


have 
until 











A two/three day Introductory Course 
on Radioisotopes is to be held at the 
North Herts Technical College from 
14-16 May. The fee will be £3 3s., in- 
clusive of luncheons and light refresh- 
ments. Further details may be obtained 
from the Principal of the College, Broad- 
way, Letchworth. 


A Summer School in Programme 
Design for Automatic Digital Computing 
Machines will be held in the University 
Mathematical Laboratory at Cambridge 
during the period 15-26 September. It 
will be along similar lines to those held 
in previous years, but the material has 
been thoroughly revised and students 
will have access to EDSAC 2, a new and 
fast machine now installed in the Labora- 
tory. A detailed syllabus and form of 
application for admission may be 
obtained from Mr. G. F. Hickson, Secre- 
tary of the Board of Extra-Mural 
Studies, Stuart House, Cambridge, to 
whom the completed application form 
should be returned not later than 16 June. 


The Royal Institution have chosen 
four films made jointly by Mullard Ltd 
and the Educational Foundation for 
Visual Aids for showing in the Inter- 
national Science Hall at the Brussels 
Exhibition. These are The Principles of 
the Transistor, The Linear Accelerator, 
Discharge Through Gases, and Mirror in 
the Sky. The latter film won a premier 
award at the recent International Indus- 
trial Film Festival at Harrogate. 


The Electronic Machine Co Ltd have 
announced the merger with the Ellis 
Optical Co. The merger means that in 
addition to their having now entered the 
optical and scientific instruments field, 
the Electronic Machine Co Ltd will be 
able to increase the scope of their present 
business. Expansion has meant the 
creation of two new executive posts. Mr. 
W. A. Burnside has joined the company 
as General Sales Manager and Mr. J. 
Wardle has been appointed Contract 
Manager. 


Elliott Brothers (London) Ltd have 
announced the conclusion of an agree- 
ment with the Holtzer-Cabot Motor 
Division of the National Pneumatic Co 
Inc of Boston, Massachusetts, U.S.A., 
for the manufacture of many of the 
Holtzer-Cabot instrument motors in the 
United Kingdom. The types of motors 
to be manufactured, to meet the special 
requirements of the European and 
British markets, include precision elec- 
tric servomotors for strip recording in- 
struments, timing devices and electronic 
control systems of all kinds, and also 
general-purpose ranges of industrial in- 
duction and synchronous fractional- 
horsepower motors for industrial pur- 


poses. 
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BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 BLOOMSBURY STREET, LONDON, W.C.1 





A self-contained industrial Servo Unit 


for * High accuracy controlled speed drives 
* Follower systems for aerials and machine tools 
* Remote handling of dangerous materials 


The Siemens Ediswan Industrial Servo Unit, Type R.1219A provides 
a complete servo system for the remote control of speed or position. 
It is designed to fit into standard 19-in. racking or to stand on the 
bench. 

The unit incorporates a multi-purpose DC servo amplifier with all 
power supplies, and provides both positive and negative reference 
voltages and facilities for velocity feed back. It can be used in con- 
junction with split phase DC servo motors such as the Evershed & 
Vignoles type FA 2 and the Newton Brothers type XC 330. 


Amplifier Performance 

At maximum gain, 100 mV input will completely reverse the field 
current output. 

Change in speed for a change from ‘No Load’ to ‘Full Load’ does not 
exceed 3 r.p.m. over the entire speed range. 

If you are designing equipment or plant involving servo control, here 
is a well-tried unit ready to your hand that could short circuit an 
expensive development period and give you the results you want now. 
Why not send for further particulars? 


SIEMENS EDISON SWAN LIMITED 


AN AEI COMPANY - 155 Charing Cross Road, London, WC2 and branches - Tel: GERrard 8660 - Telegrams: Sieswan, Westcent, London 
crc 17/2 
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THE FIRST COMPREHENSIVE RANGE OF TRANSISTORISED 


OPEN CHASSIS REGULATED POWER SUPPLIES 


COMPARED WITH CONVENTIONAL 
VACUUM TUBE SYSTEMS 


® LESS THAN HALF COST 

@ MUCH HIGHER EFFICIENCY 

© GREATER FREEDOM FROM DRIFT 
@ LOWER TEMPERATURE RISE 


®@ MUCH SMALLER SIZE 


= ® NO HEATERS 
bass 


MAX. D.C. OUTPUT CURRENT (mA) 
D.C. | for permissible mains variation of 
MODEL OUTPUT) 55, , 
VOLTS = ae +59 GENERAL DATA 
ie ‘oO ° 


“CO 775. =| ~=—« 800 1000 applicable to all units 











Tm | 
T73 | (2 805 











T/2z2 
721 





| | 
22 
SIZE: 7}° x 4" x 5h" high 








Te a3 WEIGHT: 7} Ibs. 
T/I19 


T/i8 
T/i7 RIPPLE: <I m.V. 





MAINS: 200/250 V.A.C. 








T/16 
TIS 


IMPEDANCE: <0.05 ohm. 








Tie | OUTPUT VARIATION: less than | part 
T13 in 1000 for + 10% mains variation. 


T/I2 











PRICE: £45 ex-works 

















T/4 1-4 1000 1000 





Please advise mains variation when ordering. made and guaranteed by: 


Any intermediate voltage can be supplied with 
no delay in delivery. Thus, a 6-3 V. unit 


would be ordered as T/6-3. 
ELECTRONICS LIMITED 
33 Mountgrove Road, Highbury, N.5 Telephone : CANonbury 4581 
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FULLY AUTOMATIC 


TOROIDAL COIL 
WINDER 


THE FASTEST WAY IN THE 
WORLD TO WIND 
UNIFORM TOROIDS 


NOTE THESE 
OUTSTANDING FEATURES 


BOESCH fully-automatic machine can’t help 
winding consistently uniform toroids, cores are 
positioned and rotated automatically . . elimin- 
ating operator variation. Production speeds are 
the world’s fastest; fixed at 600 r.p.m., variable 
from 0 through 1,200 r.p.m. Model TW200 
winds all types of magnet and filar wire including 
silk, cotton, Teflon and sleeve covered wire, 
from 2! to 46 SWG. 

Toroid size can range 

from 0.218 in. 1.D. up to 

5 in. O.D. 


DEVONSHIRE HOUSE - 


ELECTRONIC ENGINEERING 


VICARAGE CRESCENT - 


360° AND CONTINUOUS WINDING 

SEGMENTAL WINDING 

LONGITUDINAL WINDING ON RECTANGULAR CORES 
PRESET LENGTH-OF-WIRE COUNTER 

PREDETERMINED TURNS COUNTER 

FIXED OR VARIABLE WINDING SPEED 

FOOTSWITCH CONTROL 

INTERCHANGEABLE SHUTTLE HEADS 


SHUTTLES AND SLIDERS FOR WIRE SIZES 3 21 
THROUGH =F 46 SWG 


UNIFORM, CONSISTENTLY IDENTICAL TOROIDS 


SINGLE LEVER CONTROL FOR CLAMPING 
AND SPREADING SHUTTLE 


ONE HAND CONTROL FOR INSERTING CORE AND 
REMOVING FINISHED COIL 


LONDON - S.W.!I!l- BATTERSEA 55 


MAY 1958 








STORED IORN 


seen through a British lens from 50,000 feet, through a dense smoke haze 
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OGPHE INSTRUMENT CENTRE 


Scientific Instrument Manufacturers Association of Great Britain 
SIMA, House, 20 Queen Anne Street, London, W.1., England 


Imperial Bene sceoromnant enquiries) *, Langham 425 / Crpecate ee ). 
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SONNE RA RC RE 


SCIENCE 


AND 
INDUSTRY 


io 


Here, through one single address, you can reach over 
150 makers of the world’s 





| 
| 
finest instruments, covering the entire field of 

| electrical, electronic and nuclear instruments, 

| optics, navigational and survey equipment, 

| laboratory and research apparatus, engineering 
Ps measurement and general industrial instrumentation 


‘ 


This spoce donated by Airmec Limited 
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S.T.C. pioneered the first “micro-ray” telephone 
and teleprinter transmission across the English 
Channel in 1931 and installed the first major 
television link in Europe in 1952. 

Thousands of route miles of $.T.C. microwave 
telephone and television links are in service 
all over the world. 

Experience gained in the planning, the manu- 
facture, and the installation of S.H.F. links 
throughout the world makes S.T.C. the leaders 


in microwave radio systems. 


The technical skill and expert advice of S.T.C. 


engineers are at your disposal. 


‘MICRO-RAY' 
DEMONSTRATION 


1931 1950 





‘ 
i 
dos i 
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4000 Mc/s S.H.F. LINK 


S.T.C. 4000 Me/s frequency-modulated S.H.F. radio link can 
carry either a both-way television circuit or up to 600 
telephone circuits with a performance which meets C.C.LT.T. 
requirements for international circuits. Facilities for through- 
group and through-supergroup working can be provided 
between two S.H.F. radio systems or between a radio link and 
a standard coaxial cable system. Repeaters are unattended and 
a comprehensive alarm and supervisory system is provided. 


7000 Mc/s S.H.F. LINK 


§.T.C. 7000 Mc/s F.M. S.H.F. radio link is designed for use 
on feeder routes and is capable of carrying several telephone 
supergroups or television. Facilities can be provided for inter- 
working with other radio links or with coaxial cable systems. 


PORTABLE S.H.F. LINKS 


This equipment is light in weight and is quickly and easily 


assembled on site. 


lone} fe), 7 -walel, | 
TELEVISION 


DOVER. CALAIS 
TELEVISION 


195 





Standard Telephones and Cables Limited 
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microwave radio systems 


for telephone 
and television 


S.T.C. super-high-frequency links have been supplied to 


following countries: 


Austria Brazil 
Great Britain Japan 
South Africa Spain 


Orders have been received from: 


Australia Malaya 
New Zealand Switzerland 


The reliable, high-quality performance of S.T.C. S.HLF. 
systems depends on modern S.T.C. valves such as the 
klystron, coaxial line, and travelling wave amplifier tubes. 


Standard Telephones & Cables Limited pioneered the Travelling 
Wave Amplifier and engineered the first commercial $.H.F. 
television link using a travelling wave tube. 

S.T.C. travelling wave tubes, klystrons and high stability coaxial 


line tubes ensure the reliable, high-quality performance of 
S.T.C. S.H.F. systems. 


An aerial system of a typical ‘Standard 
permanent S.H.F. link. 


1960 FIRST PERMANENT 
S.H.F. LINK 


S.T.C. continue to make history 

with cross-channel international 

communications. 

In 1960 the first permanent 

S.HLF. radio link will be installed Coaxial Line Amplifier Tube. 
between Folkestone and Lille. It 

will provide multi-circuit tele- 

phone and television channels. oe; 


Travelling Wave Amplifier Tube. 


CONNAUGHT HOUSE ALDWYCH LONDON w.c.2 
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We have the measure i | recording 


LOADS 
PRESSURES 
DISPLACEMENTS 


For the simultaneous permanent recording onto 
film, for subsequent analysis, of up to six 
physical variables, e.g.:— 
LOAD, FORCE, STRAIN, 
DISPLACEMENT, PRESSURE, 
ACCELERATION, TORQUE, 
VIBRATION, etc. 





6 CHANNEL C.R.T. FILM RECORDER 
PRESSURE 
TRANSOUCER & 


DISPLACEMENT 
TRANSOUCER 


LOAD RING 



















For measuring and indicating (up to 6 channels) 
DRAW BAR PULL, GUY WIRE TENSION, 
SHAFT ECCENTRICITY, 

THICKNESS, TENSILE CREEP, 
STRAIN IN MACHINE MEMBERS, 
TENSILE LOADS, 

FLUID OR GAS PRESSURE, 
TORQUE, etc. 





SINGLE-CHANNEL PENDEFORD SET 


For the measurement of pressures from a few 
inches water gauge up to 100 pounds per square . 


inch, to an accuracy of one part in ten 






thousand of the full-scale range. 


- 
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HIGH PRECISION AUTOMATIC MANOMETER 


fox rmeasurement and control 


BOULTON PAUL AIRCRAFT LTO WOLVERHAMPTON 
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COLVERN HIGH ACCURACY PRECISION POTENTIOMETERS 
are designed for those who require extremely reliable and accurate 
variable resistances for use in high quality Communications, Radar 
and Computing equipment and electronic and laboratory apparatus. 

Specialists in the manufacture of Wirewound Potentiometers 
for over 30 years COLVERN are Britain's foremost producers of 
these components. 

The Potentiometers illustrated are the result of years of research 
and practical experience. Such outstanding features as the “COLVERN 
CAM-CORRECTION” Device, and accurate setting of electrical 
angles are unique—and, whilst we do not claim these are the last 
word in potentiometers, we do insist they are the finest that have 
so far been achieved. 

The Law Accuracy of a Potentiometer depends on a number of 
factors, including the uniformity of both the resistivity and 
cross-sectional area of the resistance wire, the uniformity of the 
element or former on which the wire is wound and the accuracy of 
mechanical construction. Even the highest quality materials have 
inherent variations which despite the most accurate workmanship 
make the production of a precision potentiometer a matter of 
costly selection. 


THE CAM-CORRECTION DEVICE developed by Colvern is a 
unique method of mechanical correction of these inherent errors. 
which has made possible Law Accuracies in quantity produced 
potentiometers previously obtained only by costly selection 


In the COLVERN CAM-CORRECTED POTENTIOMETER a 
certain amount of angular motion is transmitted to the rotor contact, 
in addition to, and independent of, the main spindle, this motion 
being communicated to it by means of a lever which follows a track 
concentric with the resistance element. The profile of the track is 
controlled by screws arranged at regular intervals round the 
circumference and is adjusted so that inherent errors at any point in 
the winding are compensated for by the automatic retarding or 
advancing of the rotor contact. 


Additionally, the COLVERN CAM-CORRECTION DEVICE can 
compensate for loading effects on the rotor contact providing the 
load/potentiometer ratio is greater than 30:1. Load effects of ratios 
less than this and many non-linear functions are produced by shaping 
the resistance element, thus obviating the necessity for external taps 
and shunts except in extreme cases. Where external shunts are 
necessary the CAM-CORRECTION accurately maintains the law 
between taps. 


ONLY A SMALL SELECTION OF COLVERN PRODUCTS ARE SHOWN IN THIS LEAFLET. IF YOUR REQUIREMENTS ARE NOT MET BY 


THE TYPES ILLUSTRATED WE ARE ALWAYS INTERESTED IN YOUR POTENTIOMETER PROBLEMS AND SUGGEST YOU SUBMIT THEM 
TO US FOR ANALYSIS AND RECOMMENDATIONS. 


TYPE CLR 20/00 


The Series CLR.20/00 is a small precision Potentiometer designed for use in servo systems 
or other applications where mechanical drive is employed. 

The precision ground shaft is mounted in ballraces to ensure good concentricity, freedom 
from radial play and low torque. The base, machined from light alloy, has a servo mounting 
spigot, the Potentiometer being secured to the panel by small clamps. This allows accurate 
setting of the datum by turning the unit before finally tightening the clamps. 

The Potentiometer can be supplied with:— 

(a) Flat Card Resistance Windings giving linear or non-linear functions with effective 

angles of resistance up to 300° (standard resolution). 

(b) Linear Toroidal Windings with resistance angles up to 360° (standard resolution). 

(c) High Resolution Windings on enamelled wire mandrels with angles up to 345°. 

Tapping points can be provided at various angular positions. 





SPECIFICATION 


RATING 


STANDARD 
RESOLUTION 


. 3 watts 


HIGH 
RESOLUTION 
1 watt 


RESISTANCE RANGE... 100 2-SOK 2 100 2-20K Q 
RESISTANCE TOLERANCE: 
‘ .. £ 5% + 5% 


Standard ... 
Best Practical . 1% + 1% 
ABSOLUTE LAW 
05% + 05% i 3 j 
1,000 V.D.C. 1,000 V. D.C. , lis Rad 


HHH 


ACCURACY j ban 
MAX. WORKING VOLTS 
SPINDLE/TRACK aie 
EFFECTIVE RESISTANCE 
ANGLE = ... See text above See text above 
MECHANICAL ROTATION 360° continu- 360° continu- 
ous rotation ous rotation 

MAX. STARTING TORQUE 1 o72/in. 1 o2z/in. 
MIN. ANGLE BETWEEN 
TAPS sxe i .. Dependent on Dependent on 
number and number and 


position position 
6 


MAX. GANGED SECTIONS 6 
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SPECIFICATION 
RATING ; 
RESISTANCE RANGE bas 
RESISTANCE TOLERANCE: 
Standard ... ec * 
Best Practical e 
ABSOLUTE LAW ACCURACY ae 
MAX. WORKING VOLTS SPINDLE/TRACK 
EFFECTIVE RESISTANCE ANGLE 
MECHANICAL ROTATION 
MAX. STARTING TORQUE 
MIN. ANGLE BETWEEN TAPS 
MAX. GANGED SECTIONS 


5 watts 
10 2-100K 2 


+ 5% 

+1% 
1% 

750 V. D.C. 

300° + 1° — 0° 

360° cont. 

2 oz/in. 

15° 

6 


TYPE CLR 65/00 


A Potentiometer without Cam Correction, but still retaining a high degree 
of electrical accuracy, coupled with the precise mechanical requirements) 
essential for gear train drive. j 
% Precision turned light alloy ball-race mounting and fixing face, with mineral-| 

filled moulded housing carrying the resistance element. 
¥%& Internal trimmers allow the electrical angle to be set accurately to + 1° — 0°. 
% Linear accuracy is held lower than + 1-:0%. 
% The calibration accuracy of this instrument does not vary with direction of 
rotation. 


Oe = — 
aS REQVO., 





SPECIFICATION 


RATING. 
RESISTANCE "RANGE ani 
RESISTANCE -acemccaeune 
Standard ie 
Best Practical ... 
ABSOLUTE LAW ACCURACY .. ; 
MAX. WORKING VOLTS SPINDLE; 
TRACK 
EFFECTIVE RESISTANCE “ANGLE 
MECHANICAL ROTATION 
MAX. STARTING TORQUE _... 
MIN. ANGLE BETWEEN TAPS 
MAX. GANGED SECTIONS 


5 watts 
100 2-100K 2 


+ 5% 
+ 1% 
+ 01% 1K 2 upwards 


1,000 V. D.C. 
300° + -25° — 0° 
360° cont. 

2:5 oz/in. 

15° 

3 


TYPE CLR 73/00 


CAM CORRECTED 


The smallest version of the already well-known Cam Corrected Potentio- 
meters. 

The instrument is housed in a precision turned Duralumin case, the spindle 
mounted in pre-selected ball-races, thus reducing torque and ensuring con- 
centricity of the highest order in relation to the fixing faces. Fixing is by means 
of a clamping ring which provides for rotating the body of the Potentiometer 
for electrical setting after its assembly in an equipment. 


25° 
on 


LANG LA ANPING FING 
PADVIO WG AADIAL ADJUST 
MENT. 


LIFE 


The useful life of a Potentiometer is related to resistance 
give optimum results but speed of rotation, acceleration and 
it is difficult to predict an exact figure, in general a life 








SPECIFICATION 


: RATING ... 

7 RESISTANCE RANGE ae 
RESISTANCE TOLERANCE: 

: Standard ia 

! Best Practical ... 
ABSOLUTE LAW ACCURACY .. 


TRACK + 
EFFECTIVE RESISTANCE "ANGLE 
MECHANICAL ROTATION 
MAX. STARTING TORQUE 
MIN. ANGLE BETWEEN TAPS 
MAX. GANGED SECTIONS 








SPECIFICATION 


RATING ... 
RESISTANCE RANGE we 
RESISTANCE TOLERANCE: 
Standard 
Best Practical . ino 
ABSOLUTE LAW ACCURACY . 


TRACK “A 
EFFECTIVE RESISTANCE "ANGLE 
MECHANICAL ROTATION 
MAX. STARTING TORQUE __.. 
MIN. ANGLE BETWEEN TAPS 
MAX. GANGED SECTIONS 





alloy and size and contact material. 





| MAX. WORKING VOLTS SPINDLE; 


a MAX. WORKING VOLTS sino 


10 watts 
100 2-150K 2 


+ 5% 
+ 1% 
+ 0-1% 1K 2 upwards 


1,000 V. D.C. 
305° + -25° — 0° 
360° cont. 

5 oz/in. 

10° 

1 


10 watts 
100 2-150K 2 


1,000 V. D.C. 
310° + -25° — 0° 
360° cont. 

5 oz/in 

10° 

4 


These are selected to 


general conditions of use are all contributory factors. Whilst 
in excess of 1,000,000 shaft revolutions can be anticipated. 


+ 01% 1K 2 upwards 


TYPE CLR 82/00 
CAM CORRECTED 


Most electronic engineers are already aware of the capabilities of this 
instrument, many thousands of which have been supplied during the past few 
years. Since its inception many improvements have been incorporated, such as 
internal trimmers for the accurate adjustment of the effective resistance angle, 
centre taps accurate both mechanically and electrically, etc., etc. 

Housed in mineral-filled moulded case, the Potentiometer is not as 
mechanically accurate as the all-metal type, but has similar electrical charac- 
eo Normally fitted with 3” diameter spindle mounted on ball-races, but 

4” diameter spindle can be supplied if required. 























TYPE CLR 83/00 
CAM CORRECTED 


Developed for computor circuits where a number of Potentiometers are 
operated through a train of gears and mechanical accuracy of alignment is 
essential. All metal parts are precision turned and the concentricity of the 
spindle and fixing faces in relation thereto is held to very close limits. 

The instrument is totally enclosed and the terminations are brought out to 
Silvered-Ceramic Terminals. Fixing is by means of a clamping ring which pro- 
vides for rotating the body of the Potentiometer for electrical setting after its 
assembly in an equipment. 
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SPECIFICATION 


RATING ... 

RESISTANCE RANGE ~ 

RESISTANCE TOLERANCE: 
Standard a sce 9% 
Best Practical . 02% 


ABSOLUTE LAW ACCURACY .. oa 0- 075% 1K Q— 5K 2 
+ 0-05% over 5K 2 


10 watts 
1,000 2-150K s2 


MAX. WORKING VOLTS psa, 
TRACK ,000 V. D.C. 

EFFECTIVE RESISTANCE ANGLE Upto 330° + -25° —0 

MECHANICAL ROTATION 360° cont. 

MAX. STARTING TORQUE... 6oz/in. 

MIN. ANGLE BETWEEN TAPS... 10° 


MAX. GANGED SECTIONS... 4 


SPECIFICATION 


RATING _... 
RESISTANCE RANGE _... 1,000 2-150K 2 
RESISTANCE TOLERANCE: 

Standard ase pom a Oe 

Best Practical . + 1% 
ABSOLUTE LAW ACCURACY .. + 0:04% 

MAX. WORKING VOLTS SPINDLE; 

TRACK + 1,000 V. D.C. 
EFFECTIVE RESISTANCE ANGLE 315° + -25° — 0° 
MECHANICAL ROTATION ‘ 360° cont. 

MAX. STARTING TORQUE _... .-» 8-5 oz/in. 
MIN. ANGLE BETWEEN TAPS ee, 
MAX. GANGED SECTIONS ag a 


10 watts 


CLR 25/58 





TYPE CLR 85/00 


CAM CORRECTED 


This Precision Potentiometer has been developed to give improved 
resolution and linear accuracy within a reasonable size and whilst being a little 
larger than our type CLR.83/00 is considerably smaller and lighter than our | 
6” Potentiometer type CLR.91/00. 

The all metal case is precision turned from duralumin light alloy and the 
shaft runs in selected ball-races. The terminations of resistance element and 
slider contact are brought out to insulated turret lugs. Fixing is by means of 
a clamping ring which allows rotation of the Potentiometer body for electrical 
setting after assembly in an equipment. 

This Potentiometer can also be produced with graded windings to match 
non-linear functions. We shail be pleased to advise you on your particular 
requirements. 


4 EQUISPACED 
147” DIA. 
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TYPE CLR 91/00 


CAM CORRECTED 

Originally developed for Radar Gunnery Equipment this Potentiometer is 
undoubtedly the most accurate Potentiometer in quantity production. 

In addition to applications in Electronic Computing it is an ideal instrument 
for use as a laboratory standard. Of all-metal construction, housed in precision 
turned light alloy body, the instrument is totally enclosed with robust electrical 
terminations. 

Illustration shows spindle for gear mounting. Spindles can, of course, be 
machined to customers’ requirements. 
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250 SQUARE FEE 


BP Pas oa 


On test the new Nu-Swift 30 lb. powder extinguisher put out 
250 square feet of roaring flame almost as quickly as you 
can read these words. This tremendous speed of attack is 
the most important single factor in fighting fires involving 
highly inflammable liquids or live electrical apparatus. 


Tests have proved it. Post your coupon for full details today. 





SPECIALLY SUITABLE FOR USE ON FIRES INVOLVING 


electrical risks such as oil-filled + oil quenching and tempering tanks 
transformers, switchgear and circuit 

breakers * oil storage tanks 

industrial processes in which in- 4 colvent recovery plants 
flammable solvents are used 

hot, heavy oils * petrol and paraffin stores 


oil-fired boilers, ovens and furnaces * garage and transport depots 











YOU CAN RELY 
ON NU-SWIFT 


MAY 1958 


OUT-IN ONLY 21 SECONDS 


THE FACTS ABOUT THE 1630 


* 30 Ib. of dry powder, pressurized with 11 ozs. 


of carbon dioxide which expels the contents at 
the rate of | Ib. per second for 28 seconds. 
* The powder is non-toxic, non-conductive of 
electricity, non-abrasive, frost proof down to 
40°F., and harmless to machinery. * Easy 
to operate for untrained personnel, used in the 
sensible upright position and almost instan- 
taneous in action. * The powder cloud has 
great heat-shielding properties, enabling even 
an amateur to tackle a serious fire effectively. 
* Easily installed, the Model 1630 also reduces 
maintenance costs. A tell-tale gauge provides 
instant visual confirmation that the extinguisher 
is under pressure. 
(ge AB eh seth ee eh tee aE EG 


a Please let us have full details of the new Nu-Swift§ 
Model 1630 dry powder extinguisher 


Name 
§ Address 


© For the attention of Mr 


IN THE SOUTH to Nu-Swift Limited, (Dept. No. $330), a 

25, Piccadilly, W.1. (REGent 5724) 
4 IN THE NORTH to Nu-Swift Limited, (Dept. No. N330) g 
(ELES) Elland, Yorkshire (Elland 2852) £ 
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with temperature 


and linearity 


SPECIFICATION 


Type description 

Excitation (Volts) ... 

Frequency (C.P.S.) 

Input current (Amps) 

Input power (Watts) ion 
Output Gradient (per 1,000 r.p.m.) 


Phase shift with respect to input at 3,600 r.p.m. 


In-Phase Fundamental at zero speed (mV) 


Quadrature Fundamental at Zero speed (mV) 


Total harmonic (mV R.M.S.) 
In-Phase axis error (mV)... 
Quadrature axis error (mV) 


Linearity : up to 4,000 r.p.m. (percentage of voltage output at 3,600 r.p.m.) + .12% 
Variation of output gradient with variation in ambient 


temperature 


Shift in axis error with variation in ambient 


Rotor Moment of Inertia (oz.— in?) 
Weight: 
Drive 


8 oz. 


EDDES HOUSE - 


ELECTRONIC ENGINEERING 


can be combined with |.5” and |.8” diameter servo motors 


EASTERN AVENUE WEST - 


compensation 
& 
@ 
& 
@ 





better than 0°12% 


105T2H Integrating Tachometer 
24 

400 

.130 

see 1.9 
. | volt +.2% 
0° + 10’ 

2 


6 
5 
| 
| 


55°C to + 80°C 

+ .3% in magnitude 
+ 50’ phase shift 
55°C to + 80°C 

+ 10 mV in phase 

+ 8 mV in Quadrature 
0.094 


for tachometer and | oz. for resistor 


temperature 


The latest addition to the Ketay range 
—of particular interest to Design 
Engineers currently engaged in the 
development of advanced computer 
equipment— is an extremely accurate 
Integrating Tachometer 105T2H. 

Outstanding among its characteristics 
are temperature compensation and 
Full 


details of this new Ketay product and 


linearity better than 0.12%. 


of the full Ketay range are freely 


available on request. 


Hetay oo 


ROMFORD - 


106 


ESSEX 


TELEPHONE: SEVEN KINGS 6050 


@K3 
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SPRINGS 


< \ 
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EGISTERED TRADE MARK 


Ratcliffe Springs never lose their temper ! 
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Cover without query 


Designed by Hinchley to ensure thorough inspection. You can 
fit this shell without disturbing the wiring to the voltage selector, 
leaving no danger of unseen trouble spots. This is just another 
example of how a good component manufacturer works 
ceaselessly to ensure the greater reliability of his products. 

Our service is as close to you as your telephone, and we can 
help you by being brought into the picture at the outset of your 
design. Why not contact us? 


Take a close look at the quality of 


TRANSFORMERS 


HINCHLEY ENGINEERING COMPANY LIMITED, PANS LANE, DEVIZES, WILTS. Phone: DEVIZES 5735 


ELECTRONIC ENGINEERING MAY 1958 
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screw cores 


Gecalloy screw cores for Radio and Television application provide an inexpensive 
and simple method of inductance adjustment. 


Moulding in three types of insulated powdered iron produces cores with 
the highest resistivity, ideal for H.F. and V.H.F. working. 


Available in three grades: M.E. for frequencies from 100 Kc/s to 50 Mc/s 
M.F. for frequencies from 5 Mc/s to 200 Mc/s 
M.A. for frequencies from 50 Mc/s to 300 Mc/s 


A comprehensive range of bobbins also available. 


Write for leaflets giving full technical details. 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 


(COMPONENTS GROUP) 


TIMES MILL + HEYWOOD : LANCASHIRE: Telephone Heywood 6868 
London Sales Office: Telephone Temple Bar 4669 


A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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Can’t find a standard case to meet the problem? 





SAVILE TAILOR-MADES provide the answer ! 


ANY SIZE! ANY QUANTITY! 14 DAYS DELIVERY! 


Strongly-built with the unique Imlok construction system and 
beautifully finished, these cases (racks or consoles) are made to 
your own specification and supplied in any quantity. Prices are 
competitive and generous discounts are available for large orders. 
That means for prototype work or batch productions you can still 
enjoy the economy of using standard designs, yet get a ‘made-to- 
measure’ job, Handles and all accessories to suit your require- 


ments. Write now for full details and convenient order form. 


tailor-made cases 











ALFRED IMHOF LIMITED Dept. F.5. Ashiey Works Cowley Mill Road Uxbridge Middlesex Tel: UX5-5567 
Export & London Showrooms: 112-116 New Oxford Street WC1 Tel: MUSeum 7878 
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variable voltage 
Transistorised power unit 


at a reasonable price—£39 


In the DC.65, SERVOMEX production techniques combine with 
semi-conductor circuits to give a faster control and a lower price. 
This unobjectionable result is described in data sheet DC.65 
obtainable on request. 





@ Output 6-14 volts, 0-1 Amp. 
@ Stabilisation factor 600. 
@ Price £39 delivered in U.K. 


@ Output resistance <I5mQ. 
@ Response time </00,S. 








build up complex control systems with BYyaia‘Ze) vi 


With the aid of these three basic Servomex units, servo-control systems can be assembled by the user 
to meet his own specialised requirements. 





Armature Supply Unit A.S. 69 


High impedance source for feed- 
ing the armature of D.C. Servo 
motors using the “‘constant cur- 
rent” technique. Nominal out- 
put 0.48 or 0.35 amps. Suitable 
for 105-250 volts A.C., 45-65 c's. 


H.T. Unit D.C. 68 


A general purpose anode and 
heater supply unit giving 250- 
350 volts D.C. at o-150mA and 
85 volts D.C. for a voltage 
reference, both highly stabilised. 
Three unstabilised 6.3 volts 
A.C. outputs. For 105 to 250 
volts A.C., 45/65 cs. 


Servo Amplifier S.A. 61. 


High gain D.C. amplifier for 
driving standard 80 mA field 
windings. Can be powered by 
D.C. 68 or any other conven- 
tional H.T. unit. 

Balanced circuit throughout to 
reduce drift. Gain 2 amperes 
per volt. 


G225 


Servomex Controls Limited, Crowborough Hill, Jarvis Brook, Sussex. Crowborough 1247 | 
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HAVE THE RANGE... 


Silicon Transistors 


Small Signal 
This range of general purpose transistors is used for high gain, 
low level applications. Special features are :— negligible leakage 
current, a minimum alpha cut-off frequency up to 20 Mc/s, and a 
tetrode series providing 16 db gain at 30 Mc/s, 


Medium Power 
These 4-watt diffused base silicon transistors are ideally suitable 
for output stages in servo amplifiers. A pair in push-pull operation 
provide sufficient power to drive many types of servo motors. Two 
types are available, one with a maximum collector voltage of 60, 
the other of 100; the former is particularly useful for operating from 
28-volt battery supplies. 


High Power 

Texas high-power transistors permit remarkable miniaturisation 
of power equipment. A collector dissipation of 37} watts with 
complete reliability, in such a small device can only be achieved by 
using silicon. Furthermore, these transistors have a typical alpha 
cut-off frequency of 5 Mc/s. 


Silicon Diodes 


Medium Power 


The new Texas diffused silicon technique has brought a funda- 
mental change in semiconductor rectifiers. Peak inverse voltages up 
to 600 are featured in each of two ranges now readily available:-— 
a metal-case rectifier provides a mean rectified current of 750 mA, 
and a glass-seal type provides 400 mA together with a forward to 
reverse current ratio of 2 x 10°: 1. 


Computer Diodes 


These miniature glass sealed diodes have a maximum recovery time 
of 0.3 micro sec with a forward current rating of 100 mA; there are 
three types with P.I.V. ratings of 50, 100 and 150 volts. The 
capacitance is 2.7 pico-farads at - 10 volts, 1 megacycle. 


Complete data sheets are available on request. 


TEXAS INSTRUMENTS LIMITED .! ng 


DALLAS ROAD - BEDFORD - TEL: BEDFORD 68051 - CABLES TEXINLIM BEDFORD HE j 
= ~ 


(u) 
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WAYNE KERR INTRODUCE 


Two new instruments 





WIDE RANGE WIDE BAND 
AUDIO OSCILLATOR S.121 ATTENUATOR Q.251 


D.C. to 60 Mc/s 
e Rapid Frequency Selection O—60dB in 0-5dB steps 
e High Stability 750 Characteristic impedance 
e Low Distortion Accuracy D.C. to 20Mc/s 0-1dB, 6Ome/s 0-3dB 


‘The 8.121 is a high grade instrument providing a stable A light, compact, variable attenuator for use in the 
signal of very low harmonic content within the fre- frequency range 0—60Mc/s. The instrument, which 
quency range 10c/s—120kc/s. has a high performance, is rigidly constructed and 

is suitable for bench use or as a unit for incorpora- 

The dial] display is designed for simple and rapid tion in laboratory and test equipment. PRICE #30 

operation and permits either the selection of 
major intervals by means of switches, or the 
continuous fine control of frequency on an open 
horizontal scale. 


SPECIFICATION OF AUDIO OSCILLATOR Si21 
MAINS INPUT 

Two alternative outputs are provided. A step 110/120V or 200/250V. 50/60c/s. 
attenuator covers +10dB—70dB in 1dB steps on FREQUENCY 
a reference level of 1 milliwatt into 600 ohms. Range: 10c/s to 120kce/s. 
The second output provides a continuously Py: Seer 
variable voltage from 0—30V in five decade FOE pei 
ranges. The stability of the output level is 2.60002 terminated 
+0-2dB over the whole frequency range. Despite 3. anatase Gieten. 
its high performance the instrument is com- 
pact, light and portable. 


OUTPUT LEVEL 
Stability: 6000 output+0.2dB 
WAVEFORM DISTORTION 


300c/s to 20kc/s <0.2%,. 
10c/s <2°5%, 100ke's <0.4% 


HUM LEVEL 

<—60dB below fundamental 
WEIGHT 17 Ibs. 
PRICE: £130 











WAYNE KERR LABORATORIES LIMITED. ROEBUCK ROAD, CHESSINGTON, SURREY. TELEPHONE: LOWER HOOK 1134 
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ACCURACY—That is the connection. William Tell had 
to be right, or face the consequences. He had his bow, 
judgement, experience and supreme confidence in his own 
ability. To-day the Delanco Organisation uses its own 
experience, skill and confidence, backed by the most 
up-to-date machinery and skilled operatives, for the 
manufacture of precision stampings in MICA. Possibly 
one of the supreme tests of this skill is in the manufacture 
of bridges for miniature valves, where dimensional 
accuracy to tolerances of 0.01 mm. are required. All tools 
for these parts are manufactured in our own modern 
tool-rooms and made by operators with years of 
experience in this type of precision work. 





Not only in mica does this apply, but in all forms of electrical insulating materials, 
either as raw materials or as precision-machined components. 


Whether your business is in Switchgear, Transformers, Motors and Generators, 
Communication and Electronics, there is a Delanco material to suit your needs. 
We have an efficient technical department ready at all times to deal with your 
problems. Send for the latest Delanco catalogue of all electrical insulating materials. 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. CLE 3271 Grams: PROMPSERV’ AVE, LONDON 
DELANCO WORKS—LEONARD STREET—LONDON €E.C.2 


VULCANIZED FIBRE LAMINATED BAKELITE Velamco LEATHEROIO MICA COMPOSITE INSULATIONS 


PRESSBOARD © PRESSPAHN ~ CLOTHS, TAPES AND SLEEVINGS Electrical Insulation EBONITE - PRESSED, TURNED AND MACHINED COMPONENTS 
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2OTH CENTURY 
TRAVELLING WAVE 


For Millimicrosecond Measurement 


WV 





Trace width 

Writing speed 

Upper frequency limit 
of T.W. system 


Deflection § T.W 
sensibilities ( X 


OPERATING CONDITIONS 


Heater 


g 
Cathode 


A new high sensibility Cathode Ray Tube has been 
developed specifically for the photographic recording 
of millimicrosecond transients. It uses a travelling 
wave deflecting system comprising a symmetrical 
pair of transmission lines and a specially designed 
and astigmatism corrected magnetic lens. Co-axial 
connectors at the ends of each T.W. deflector are 
available for external termination or for feed of the 
undistorted signal to other equipment. Post 
deflection acceleration is used. 


CHARACTERISTICS 


| OOS inch fvoltabie | T.W. 0.4 inch 

1 x 10'* trace deflection | y oy ha widths) 

widths/second 7 fins (400 trace widths) 
.W. de ion 

3000 me/s impedance 120. 

0.03 v/trace width P.D.A. Helix 

0.2 v/trace width resistance 200 MQ 


Viq 6.3 v. ty 0.6A Ai 
— 250 v for cut-off A2 
—14kVv A3 (P.D.A.) 











STAINLESS STEEL 
BO00Y 


20th CENTURY 
TRAVELLING WAVE 
C.R. TUBE TYPE KR3 


ELECT ROMAGNE TIC 
FOCUSING CONS 


SHIELD 
TRAVELUNG WAVE 
DEFLECTION HELIX 


AQUADAG 
POST ACCELERATION 
SPIRAL 


MANUFACTURERS OF CATHODE 
RAY TUBES, COUNTER TUBES 
AND PHOTOMULTIPLIERS 
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Advance 
im 
miniature 


Plessey are not just marching in step with the present day trend 
of increased miniaturisation, but are keeping quite a few paces 
ahead with advanced techniques and products that contribute 
to more compact and increasingly efficient electronic and 


associated equipment. 


The Plessey range of sub-miniature Co-axial Plugs and Sockets 
are excellent examples of the Company’s development and 
manufacturing ability, being eminently suitable for use in 
transistorised electronic equipment, mobile transmitters, etc. 
They are specifically designed for matched impedance coupling 


of H.F. co-axial cables. 


Operating Frequencies up to 29,000 megacycles per sec. 
Temperature Range; —55°C to 75°C 

Working Voltage; 600 volts R.M.S. 

Impedance; 50, 70 and 93 ohm lines can be accommodated 


Design engineers with problems 

in miniature are invited to apply for 
samples and further details which will 
gladly be sent in response to requests. 


AIRCRAFT & AUTOMOTIVE GROUP * WIRING & CONNECTOR DIVISION 
THE PLESSEY COMPANY LIMITED: CHENEY MANOR‘ SWINDON : WILTS 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED ILFORD * ESSEX TELEPHONE: ILFORD 3040 
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When you're dreaming up plans to increase production it’s time to wake up to AZOFLEX. It’s the 

only process to apply a controlled quantity of developer, thus ensuring optimum quality at all 

running speeds—and it’s the only daylight reflex copying process. There are no dangerous 

chemicals and because no ducting is necessary to take away offensive fumes, machines are freely 
movable from place to place. Exposing, developing 
and print delivery are completely synchronised and 
Output is virtually as fast as the operator. In plain 
language the AZOFLEX MODEL 42/63 can produce more 
than one hundred 20” x 30” prints an hour at a lower 
cost per print than you ever dreamed. 


AZOFLEX MODEL 42/635 MARK Ii 

Synchronised printing and developing machine. Capacity : 
cut sheets and rolls up to 42 in. wide. Printing speed: 
from 6 in. to 154 ft. per minute. Dimensions: Height 
50 in., width 71 in., depth 52 in. with delivery tray 
extended. Weight: approximately 850 Ib. 


Enquiries to: 
Ilford Limited, 


Industrial Sales Dept. AZ13G 
Ilford, Essex, 


Telephone: ILFord 3000 
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Doing Pulsed or “Fast” Circuit Work? 


NYo trol a-Me s keh -MECT-Val-Vachiols 


1 cps to 1 MC; 0.02 usec rise time 


-hp- 211A Square Wave Generator. Versatile, wide range 
instrument for testing oscilloscopes, networks, video and audio 
amplifier performance, modulating signal generators, measuring 
time constants. Offers simple control of electronic switchers ; is 
also convenient for indicating phase shift, frequency response and 
transient effects. 

Special features include two separate outputs — a 7 volt, 75 
ohm circuit for television work and a 55 volt, 600 ohm output 
for high level work. Both outputs offer full amplitude variation. 
May be operated free-running or externally synchronized with 
positive going pulse or sine wave signal of 3 volts minimum 
amplitude. Compact, weighs only 25 lbs. Price Approx. {94 


AU ET- ME CT-Val-lachicls 


0.07 to 10 usec pulses, 0.02 usec rise time 


-hp- 212A Pulse Generator. Time saving basic instrument for 
radar, television and other “fast” circuit work, including testing 
rf amplifiers, filters, band pass circuits; oscilloscopes and peak 
measuring equipment, pulse modulating uhf signal generators. 
Offers positive or negative pulses of 50 watts amplitude, delay 
and advance sync out circuits for synchronizing to other circuits, 
direct-reading pulse length control, high quality pulses with 0.02 
rise and decay, flat top and minimum overshoot. Jitter less than 
0.01 psec. Permits delivery of accurate pulses to end of long trans- 
mission lines; if line is correctly terminated, pulse shape is inde- 
pendent of line length, sync conditions, input voltage or output 
attenuator setting. Internal impedance 50 ohms or less, either 
polarity. Repetition rate, internal sync 50 to 5,000 pps, external 
sync 0 to 5,000 pps. Available for rack mount. Cabinet model 
Approx. £200 


Delivered in U.K. plus duty if applicable. Data subject to change without notice. 


HEWLETT-PACKARD COMPANY 


Represented by Livingston Laboratories 
Retcar Street ¢«¢ London, N.!19, England 
Tel: Archway 625! 
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SYLVANIA SE5A1 


anew cathode ray tube 


with a new peak 


in precision engineering 


OV LVANTA-THORN 


Never before has a CRT been manufactured 

to such high precision limits. Never before 

TYPICAL OPERATING CONDITIONS has a CRT been designed with such careful at- 

Vag 10 kv tention to the instrument maker’s require- 

Va? for focus ....... 170-230 ments. The SYLVANIA SE5A1 is the firstina 

Mean plate potential & nom. Va; & a3......1.5 kv 

Actual Va; & a3 (for Min. astig) . .1500-1530v 

10 La a _ 


\ , Wee yy 
| 200 za max. a te: * 7) , 
as oo. ae oF ne SH 





Sx min, be a > ‘ 
Sy min. 10 v/em ” me Baines i ba a! a é. y.aer.» - 


ae 5 6 ori) 
* Line width 0.5 m.m. ww ““< 


* measured at kk = 0.5 1a with a circular trace 50 m.m. 


CAPACITANCES (nominal values ) series of entirely new designs specially pro- 
Grid to all other electrodes. pF duced for wide bandwidth and high-speed 
Cathode to all other electrodes 5.05 pF oscillography. Jt employs a spiral post defiec- 
Mi / M2 1.7 pF tion accelerator, and possesses high deflection 
M1 / ¥2 pF sensitivities plus an extra large useful screen 
Mi + Ma / M1 + Va 0.1 pF area measuring 10 x 6 centimetres to give ad- 
Ki to all other electrodes less X7 38 pF ditional scope to designers. Side contacts are 
B2inn 0 * o a used in order to obtain maximum frequency 

Nina . tii response. 

Winn » to a 2.95 pF 

Grid + cathode to X deflector plates oF British designed and made throughout, the 
co eg tern, Oke a” 01 pF SYLVANIA SE5A1 represents an important 
step in CRT development. Write for full data 

sheets to: 


SYLVANIA-THORN COLOUR TELEVISION LABORATORIES LTD. GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX 
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DIGITAL COUNTING IN INDUSTRIAL PROCESS CONTROL... 





= — ~— 








Translator 


Print Control 
Unit 


Printing 
4 





Machine 





Now —a continuous printed record of frequency measurements 
— with the RACAL Digital Printer Type SA.65 


A digital counter forms the heart of many industrial 


process control installations, and it is often 
desirable that the displayed results be indicated 


remotely or recorded continuously on paper. 


To meet these requirements, Racal announce two 
additional new equipments, designed to operate in 
conjunction with any Racal frequency meter or 
universal counter/timer. 

The SA.65 Digital Printer consists of a Translator, 
which transfers the 4, 5 or 6-digit “count” from the 
meter into a 10-line system; a Print Control Unit 
containing a serialiser and control circuitry; and 
a Printing Unit operated by solenoids. The whole 


system operates continuously and automatically up 


LL Tr 
PETITE 


Engineering Limited 


MAY 


to a maximum of 60 count/prints per minute. 
In applications where remote indication is required, 
the Racal In-Line Read-Out Type SA.67 is avail- 
able. This consists of from 4 to 8 neon tubes fitted 
in line, and operated from the output of the 
Translator Unit. It is contained in a panel 
measuring 1? in. by 34 in. by 19 in. long (for rack 
mounting) and may be fitted remotely or attached 


to the Translator Unit front panel. 


The equipment is assembled largely from plug-in 
units, rendering servicing simple and economical. 
For full description and technical specification of 
this and other Racal Digital Counting Equipment, 


write to any of the addresses below. 


BRACKNELL, BERKS. 


Telephone: Bracknell 941 
*Grams/Cables: Racal Bracknell Berks. 


Northern England Agent: Farnell instruments 
Led., Wetherby Industrial Estate, 
York Road, Wetherby, Yorks 


Scottish Agent: A. R. Bolton & Co., 
3A, St. Vincent Street, Edinburgh. Tel: 32035 
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SUB-MINIATURE RELAYS 


for 
Portable Electronic Equipments 
Guided Weapons 


Airborne Radar and Radio 


. E.M.I. lightweight high-speed sub-miniature relays, measuring 
OVERALL only #3” x 4", are designed for compactness and reliability. 
HEIGHT 
They are of the single-pole balanced armature type with long-life 


platinum contacts and will withstand high accelerations. 


Each relay is hermetically sealed and fully tropicalised. 


sk Weight 0-7 oz. (20 grm) 

sk Operating Temperature—40°C to 100°C 
sk Operating Power 300 mW 

sk Maximum contact current 120 mA 


sk Ministry approved to RCS 165 and 
Hi classification. 


Type R1A and R2A relays 
for 6, 12 and 24 volt operation 


Price £3.10.0 


Other E.M.1. Equipments include :— 
OSCILLOSCOPES - VIBRATORS - MICROWAVE TEST EQUIPMENT 
ACCELEROMETERS - STROBOSCOPES - TACHOMETERS 


E.M.1. ELECTRONICS LTD + INSTRUMENT DIVISION 


HAYES + MIDDLESEX Tel: SOUthali 2468 (Ext. 1013 & 665) 


EEI43 
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If you need to protect electrical or electronic components and 
circuits against climatic, mechanical or electrical stress, 
resin casting or encapsulation can certainly answer the problem. 


The LEOCAST process, as pioneered by L.E.D., is 

remarkably adaptable to conflicting requirements, including 
dielectric properties, heat dissipation, shock or torsion 
resistance, chemical inertia and immunity, opacity, transparency, 
adherence to other substances, and so on. The complex 
chemistry and technique of the process has been the subject of 
exhaustive research by L.E.D. 


In the ELECTRONICS Division, L.E.D. design circuitry, 
components and complete equipments, and carry the 

job through to prototype, pre-production and production, in 
quantities from one-off to thousands, for Manufacturers 

and Research Establishments. 























for resin castings and encapsulations and 
for electronics design, prototypes & production 


Los HLECTHONIG, 





WT KK 
(3 ——————- LION WORKS, HANWORTH ESTATE, FELTHAM, MIDDX. 


Lion Group of Companies 


~ 
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Spectrum Analysis for N.A.T.O., G.W. test gear for the M of S 
(sub-contracted from the main contractor), units for computors, 
automatic inspection devices, are all the same to Winston Electronics. 
W.E. have the development and production facilities to do most 
things electronic and welcome sub-contract enquiries. 


A.1.D. and A.R.B. approved. 


Winston as LECTRONICS 


GOVETT AVENUE ; SHEPPERTON ‘ MIDDLESEX 
Telephone: Walton-on-Thames 632/ 

















AMPHENOL (Great Britain) LTD. 


invite enquiries for Engineering data and de- 
tails of the availability of the well-known 
range of “AMPHENOL” Products. 


AMPHENOL (Great Britain) LTD. 


Ormond House, 26/27 Boswell Street, London, W.C.! 
Telephone CHAncery 8956 
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An extensive range 
of our standard types of 
SINGLE-STAGE or PUSH-PULL 
Magnetic Amplifiers 
is always available for 
prompt delivery 
x 
SPECIAL TYFES CAN BE DESIGNED 
TO SUIT YOUR NEEDS 
* 


Full technical data 
and illustrated leafiets promptly 
forwarded on request 
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CHEMICAL AND 
PETROLEUM 
ENGINEERING 
EXHIBITION 
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An outstanding development in British industry 
in the last twenty years has been the expansion of 
the Petroleum refining and Chemica] Industries. 
The Chemical and Petroleum Engineering Exhi- 
bition—the first of its kind—will present dramatic 
evidence of the tremendous achievements that 
have been made. 


At Stand after Stand, contractors, designers 
and specialists in every branch of British chemical 
and petroleum engineering will have something 
to show of vital interest. 


The Exhibition will also include a conference on 
“The Organisation of Chemical Engineering Pro- 
jects’’ arranged by The Institution of Chemical 
Engineers and The Institute of Petroleum; and 
films will show how the Chemical Plant and 
Petroleum Equipment Industries have helped in 
the development of their consumer industries. 

A visit to this Exhibition is a must to all con- 
cerned in chemical and petroleum projects and to 
everyone whose industry isin any way influenced 
by such projects. 


JUNE 18-28 1958 
OLYMPIA 
LONDON 


AN EVENT TO REMEMBER 


With the Patronage and support of the 
BRITISH CHEMICAL PLANT MANUFACTURERS 
ASSOCIATION and the COUNCIL OF BRITISH 
MANUFACTURERS OF PETROLEUM EQUIPMENT 
whose stands willact as Information Bureaur. 


Organised by F. W. BRIDGES & SONS LTD. Grand Buildings, 
Trafalgar Sauarc, London, W.C.2 
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SOLDERING EQUIPMENT 


by 


DCO 


(Regd. rade Mark ) 


(Illustrated) 
3,” DETACHABLE 
BIT MODEL 
(List No. 64) 


& 
PROTECTIVE 


SHIELD 
(List No. 68) 


Supplied for all Voltages. Designed for Factory Bench Line Assembly 
Radio, T.V., Deaf Aid, etc. 
Write for Catalogues 
Sole Proprietors and Manufacturers 
ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 
Telephone: MACaulay 310! & 4272 


MAY 1958 














Sign here, please ? 





A.L.D., 
London No. 3 District 


BRITISH TABULATING MACHINES CO. 
LTD., Letchworth 


BRITISH TABULATING MACHINES LTD. 
(RESEARCH), Stevenage 


C.E.R.N., 
Geneva, Switzerland 


ELLIOTT BROTHERS (LONDON) LTD., 
Borehamwood 


ENGLISH ELECTRIC LTD., 
Luton 


ENGLISH ELECTRIC LTD., 
Stevenage 


FERGUSON RADIO CORPORATION, 
Enfield 


G.P.O. B.T.S., 
London 


G.P.O. INSPECTION BRANCH HEAD- 
QUARTERS, London 

















BROXLEA PRODUCTS 


ee 





be 


G.P.O.ASTUDD STREET, 
London 


MARCONI’S WIRELESS & TELEGRAPH 
Co. LTD., Chelmsford 
MINISTRY OF SUPPLY 


PAMPHONIC REPRODUCERS LTD., 
London W.1. 


SAMAS ACCOUNTING 
MACHINES LTD., Croydon 
PYE LTD., 

Cambridge 

A. V. ROE & CO. LTD., 
Woodford, Cheshire 

SIEMENS EDISON SWAN LTD., 

West Hartlepool 

SIEMENS EDISON SWAN LTD., 

Woolwich 

STANDARD TELEPHONES & ‘CABLES 
LTD., Southgate 


SYLVANIA THORN COLOUR TELE- 
VISION LABORATORIES LTD., Enfield 


POWERS 





























Our Visitors’ Book is a graphic record of the big 
people who come to see at first hand what help we 
as sub-contractors can offer them. Within a few 
months of opening our new, designed-for-the-job 
factory, the book was decorated with a score or 

so of the leading names in telecommunications and 
electronics. Most of them have used—and many 
still are using—-our specialized production services. 
In fact, continuity of association is one of the 
features we are proudest of. In the past twelve 
years no single firm has given us just one job to do 
and then said ““Good-bye”. They a// come 

back for more. 


LIMITED 


A.l.D. approved sub-contractors 


PARK LANE, BROXBOURNE, 


HERTFORDSHIRE Tel: Hoddesdon 4455 
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iS THIS YOUR 
BLIND SPOT? 


Companies taking pride in their high 
rate of productivity on the Factory floor 
are often blind to the opportunities for 
increased productivity in the drawing 
office. 

The Simplon “Modular Line” units, 
two of which are illustrated here, are 
specially designed as complete indivi- 
dual work stations, with the drafting 
board as the hub of the draughtsmen’s 
activity. Thus all unnecessary move- 
ment is eliminated and, since countless 
efficient room layouts are possible, all 
available space is utilised to the best 
advantage. 


MAY 7-17th AT EARLS COURT 
MECHANICAL HANDLING 
EXHIBITION ‘ 


See our STAND No. 274 


CANTILEVER 
DRAFTING UNIT 


DARGUE BROS. LTD. 


NEW SIMPLON WORKS 


HALIFAX, YORKSHIRE 


Telephones: HALIFAX 3218/9 





A pressing which is produced 
by the million. it is shown 
actual size on the right 


FOR TWO PINS... 


Been let down on delivery? 


A need for large quantities of accurate 
pressings very quickly? 


Let us quote you, you will be impressed. 


H. A. LIGHT (PR0vUCTION) LTD. 


Winster Grove, Shady Lane, Kingstanding, Birmingham, 22a 
Telephone: GREat Barr 4211-2 


are proud of their ability, prices and delivery 
for any quantity of small, accurate pressings in meta 


London Office: 
St. George’s House, 44 Hatton Garden, London, E.C.! 
Telephone: CHAncery 5776 
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ROTARY TRANSFORMERS 


H.T. 31 


input 11.5 voles 
Output 250 volts at 125 m/a 


H.T. 32 


Input 11.5 volts 
Output 490 volts at 65 m/a 


DIMENSIONS 
Diameter 3$ in. inc. brushes 
Length 5 in. 


Weight 4} Ib. 
Tropicalised “ i 


if required. 





AS USED IN PYE MOBILE TRANSMITTERS 
AND RECEIVERS P.T.C. 102 AND P.T.C. 114. 
Also HUDSON'S MOBILE RADIO TRANS- 
MITTERS AND RECEIVERS. 





DYNAMOTOR ROTARY TRANSFORMER 


D.C. input 13.5 v 
Output 285 v. ac 75 mA. 


D.C. input 27 v. 
Output 285 v. at 75 mA. 


D.C. input 12 v. ~ 
Output 250 v. at 50 mA. = a 





Tropicalised 
if required 


AS SUPPLIED TO 
GOVERNMENT DEPARTMENTS 
& LEADING MANUFACTURERS 


DEPENDABLE RADIO SUPPLIES LTD 


12A TOTTENHAM ST., LONDON, W.1. LANgham 7391/2. 
(2 minutes Goodge Street Station. 
Opposite Heals in Tottenham Court Rd.) 


MAY 








New value 
in valveholders 


A ceramic valveholder with its many inherent 

advantages, costing no more than the ordinary moulded 
varieties — this is the latest news from Plessey at Towcester. 
This superior product employs high-grade, low-loss 

ceramic body material and has a pin-to-pin 

capacity of Jess than 0.5 pf. 

Design Engineers, manufacturers and others 

interested in this cost-cutting, performance-improving 
development, should request a copy of Plessey 

Data Sheet No. 6062 which contains comprehensive data. 





Parameters 


Equivalent Resistance at 20 Mc. between 2 adjacent contacts: 
Not less than 3 megohms 
Insulation resistance: 
Greater than 20 x 10'? ohms 
Voltage Breakdown: 
Greater than 3.5 Kv pin-to-pin and pin-to-earth 
Contact Resistance: 
Less than 4 milliohms 
Contact Material: 
Spring quality Brass — Silver Plated 





= ae 
Plessey 


| 
ae 


CHEMICAL & METALLURGICAL DIVISION - COMPONENTS GROUP 
THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY - TOWCESTER - NORTHANTS - TEL: TOWCESTER 312 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND - TELEPHONE: ON ee 
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RRRRRRRRARRA RRR aise aan nen See 
SIN TO X HAS HIGH RESISTIVITY 


Volume Resistivity Ohm.Cm. 
14°c 10'* 


100°c ........ 2K 10" 
200°c 4X10" 
300°c 3X10'* 


Due to the high resistivity of Sintox, it is unsur- 
passed as an electrical insulator and it is widely used 
for thermionic valve components, high temperature 
terminations, multi-hole thermocouple tubes and 
many other applications. 


Sintox Technical Advisory Service 


This service is freely available without obligation to those 
requiring technical advice on the application of Sintox . 
Industrial Ceramics. Please write for booklet or any SINTOX is manufactured by 


information required enclosing blue print if available LODGE PLUGS LTD., RUGBY =) 








HIGH GAIN FREQUENCY 
SELECTIVE AMPLIFIERS 





FOR THERMOCOUPLE OR OTHER APPLICATIONS 





HELI-COIL 

%& Voltage gain 10° maximum REGO. TRADE MARK 

% Band-width approximately PUSH - TYPE IWCERTS 
7 per cent of carrier frequency THE READY-MADE THREAD FOR MOULDED 

MATERIALS 

% Plug-in filter units enable carrier Eliminate the need for solid brushings and tapping, use 

f in th 5 HELI-COIL PUSH-TYPE INSERT the ready-made screw 

requency in the range 2 C/s to thread for moulded and plastic parts, die cast alloys, 

2 Kc/s to be chosen powdered metals, all soft light materials and many hard 


metals. Pushed directly in drilled, cast, or moulded, 
blind or through holes, this is the ideal low-cost, volume 


BARR & STROUD LTD Serpentis chee Gath cae cod came par to 
Anniesiland, Glasgow, W.3 For fatter cheaper p odutle 


LONDON OFFICE : 15 VICTORIA STREET, S.W.1 — 


to 
ARMSTRONG PATENTS. "Co. LTD. BEVERLEY, YORKSHIRE 
NNER OE I rm 
BAP 9 
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Marconi Surveying | 


LEFT. Balloon operations 
on the Ipoh- Telok Anson 
route in Malaya. 

RIGHT The mast is ud 


Before planning any communication system, and and the motor generatcr 


is running during the surve 


particularly a microwave or V.H.F. multichannel ; a? dit Bice witha 

system, a survey of the propagation conditions || 2 psa pam : 
BELOW. The V.HI. 

over the proposed path or area is essential. mobile survey team erect th 

Similar, but less exhaustive surveys, are also 

necessary before planning V.H.F. mobile systems. 

Such surveys are undertaken by Marconi’s, 

one of the very few radio manufacturers who 

do so. The teams engaged in the work may be 

called upon to operate in desert, swamp and 

jungle, over which line and cable routes 

would be‘ impractical, on windswept moorlands 

or in densely populated city and surburban areas. 

Surveys are being, or have already been carried 

out all over the world, including: Uganda, Kenya, 

Tanganyika, Nigeria, Ghana, Tangier, Azores, Norway, 

Turkey, Greece, Malaya, Ceylon, Ecuador, West Indies 

Sweden, Iran, Angola, and also, of course, in Britain. 


— 


Over 80 countries now have Marconi-equipped telegraph and 
communications services. Many of these are still giving trouble-free 
service after more than twenty years in operation. 


Lifeline of communication 


MARCONI 


COMPLETE COMMUNICATION SYSTEMS 


Surveyed, planned, installed, maintained 


MARCONI’S WIRELESS TELEGRAPH CO. LTD., CHELMSFORD, ESSEX, ENGLAND 
Lcio 
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POTS&TANKS [fj 


A WIDE SELECTION OF | 

AUTO-CONTROLLED UNITS— 

ROUND, SQUARE, SHALLOW 

OR DEEP—TO MEET EVERY 
REQUIREMENT 


INCLUDING SPECIAL 
TYPES FOR PRINTED 
CIRCUITS 








Write for 
further 
details 
quoting 
reference 
3 RQ. 


2, DORSET SQ., LONDON, N.W.!. 


TEL: AMBASSADOR 5485. 


WORKS: LONDON & BLETCHLEY 


BMJ 





By A. W. Keen, M.L.R.E., 
A.M.LE.E. This is the first 
book of its kind to provide a 
compact but comprehensive 
description of the 


technicalities of the 


FREQUENCY ~~ 
MODULATION ‘ies 11. vonseuive 


technique. And as a 
knowledge of this technique is 
essential since the introduction 
of v.h.f. broadcasting, the book 
covers the subject from the 
viewpoint of the practising 
radio engineer and designer. 


Simple and straightforward, 


with a minimum of mathematics, 


it forms an essential guide book 


to the subject. Illus. From 


ee 
PIT. MAN technical books 


Parker St., Kingsway, London, WC2 
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Jhe microbence 


TYPE 3930 


gehen 
CN Diet mere 


‘X’ BAND 
MICROWAVE 
TEST BENCH 


For routine component testing 
Write for Leaflet ED2//22 
MICROWAVE INSTRUMENTS LIMITED 


WEST CHIRTON INDUSTRIAL ESTATE, NORTH SHIELDS, NORTHUMBERLAND. 
3606/7 
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INSTRUMENTS, ELECTRONICS & AUTOMATION 


When you have a problem in HIGH SPEED SWITCHING, CONTROL, AMPLIFICATION, IMPULSE 


REPETITION Or MULTI-POINT SWITCHING — 
there is no question about the two components 
that will go farther than others towards giving 


you the efficiency you must have — 


THE CARPENTER POLARIZED RELAY 


It operates quickly on extremely short, weak or ill- 
defined impulses of varying polarity — has a close 
operate/release differential and retains accurate 
adjustment for long periods in wide variations of 
temperature, acceleration and vibration. Five basic 
types are available in a series of specialized versions, 


with a wide range of single and multiple windings. 


T.M.C. CROSSBAR BRIDGE 


A compact, versatile multi-point switching unit. 
Comprising 5 banks of 8 make-contacts, one unit 
can select any 1 of 5 points or, in association with 
a simple change-over relay, any 1 of 10 points 
(4-way). Twoor more Bridges can provide multiple 
outlets, and, interacting electrically, can provide 
complex counting and stepping facilities. For 
multi-point switching in Telemetering, Process 
Control, Serial testing equipment, etc. the Bridge 


has many advantages to offer. 


write for technical data to 


TELEPHONE MANUFACTURING COMPANY LIMITED 


Hollingsworth Works - Martell Road - West Dulwich, $.E.21 - Telephone: GiPsy Hill 2211 
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WH —_y V 
\ ITREOSIL 


HPQ FUSED QUARTZ 
ee WOH ‘i FOR SEMI-CONDUCTOR WORK 


High purity fused quartz (H.P.Q.) boats, 
crucibles and tubes are available for pre- 
paration of hyper-pure silicon. They have 
an exceedingly low content of boron, 
aluminium and other elements detrimental 
to semi-conductors. 


We also manufacture an extensive range of Vitreosil Industrial Ware 


THE THERMAL SYNDICATE LTD. 


P.O. Box No. 6 
WALLSEND, NORTHUMBERLAND 
Telephones: Wallsend 6-3242 


LONDON: 
12-14, Old Pye St., Westminster, S.W.1 
Telephone: ABBey 5469 











WEATHERSHIELDS 


P.O. TYPES 
MANUFACTURED for 


TO YOUR - SHEET METAL WORK | 


tei ile wale), 


PROMPT WELDINGS, PRESSINGS 
DELIVERY FABRICATIONS 


Send us your enquiries:- 


3000 TYPES Sa G2 BISHOP STREET - BIRMINGHAM 5S 
COIULS up to 80,000 , / 

CONTACTS up to 
Propica 


q re S 
ring ar mpreg ALY 
rat drder ~ ! 9 
600 and 1GH-SPEED ‘ 
a 2UDP e - 


the London Agents for 


STOCKS “Dhys ONE 
OF Sep twEwse 


From the smell t Also the latest addition to 
KEY SWITCHES cs Goemeiiaadiots Rieeen the EDDYSTONE range 
The “870” — £34:16:0 


THE KEYSWITCH CO. did. ine. P. Tax 
ALL POST OFFICE EQUIPMENT me aon Gives ficient, broadcast reception 
n rt. ' 
Enquiries to Sales Manager Models “770U""—“770R"" The "876" offers full EDDYSTONE 


- (19-——165Mc/ fi i 1 
126 KENSAL ROAD, LONDON, wW.10 ee a... 


Telephone: LAD. 0666, 4640 Grams: “*Fonequipt’’. London, W.10 Shop Hours: 9.00 to 5.30 (7.00 p.m. Thursday) and 9.00 to 1.00 Saturdays 


WEEDS AZ 


14 SOHO STREET, LONDON, W.!. TELEPHONE : GERrard 2089 
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No, we shall not be silly and claim that our castings are as flawless as a piece of 
16th century Venetian Glass. But we can go this far: we can say that just as the 

old master craftsmen got great satisfaction out of doing a job as well as it could 
possibly be done, so do we. That is why so many customers whose castings 

must have a fine skin which will readily anodise put their trust in Great Bridge Foundries 
PRECISION CASTINGS IN ALUMINIUM, GUN METAL, GREY IRON, ETC. TO ALL SPECIFICATIONS 


Phos. bronze and gun metal solid and cored sticks always in stock 


THE GREAT BRIDGE 
FOUNDRY CO. LTD. 


Sheepwash Lane - Great Bridge - Tipton 
Staffordshire Telephone: TiPton 1540 and 136! 


A Member of the Triplex Foundries Group 











——m it 


> 


TD ony ee 
TRANSFORMERS 
LARGE OR SMALL 


The illustration is of a 60 KVA Trans- 
former with 5,000 amp. Secondary, with 
tapped Primary to give secondary voltage 
variation from 12 volts to 4 volts. Primary 
tap changes are made with a rotary switch 
as shown. These Units are designed and 
tested to BSS 171 where applicable, or 
appropriate B.S. Specification. 


This is a typical 

example of our ““C”’ 

Core range. We 

manufacture both 

open and hermatic- 

ally sealed types, 

wound to customers specifications. 

This range extends from 10 VA to 1.6 
KVA at frequencies up to 2,000 cps. 


WHATEVER YOUR NEEDS — 
OUR TECHNICAL AND DESIGN DEPARTMENTS 
ARE AT YOUR SERVICE 


ANDEC LIMITED 


A.L.D., A.R.B., approved 
BENNET ROAD - READING - BERKSHIRE 
Tel. 82401 /2. 








ALL TYPES SUPPLIED 
CONVENTIONAL METHODS OF FIXING 


PRINTED, ETCHED, ANODISED OR 
MACHINE ENGRAVED 


IN METAL OR PLASTIC 


* BUT IF YOU WANT A —STIKFIX— 
quick Fix! —USE |. 


MANUFACTURED BY 





RICHARD CHING & SON LTD. 


721 NORTH CIRCULAR ROAD, CRICKLEWOOD.LONDON, N.W 2 
TELEPHONES GLADSTONE 2427 & 6844. 





MAY 1958 


ELECTRONIC ENGINEERING 














“You can rely on us” 
for ELECTRONIC COMPONENTS FROM STOCK 


Ring EALING 5737 ERIE RESISTORS 20% 10% 5% Ra 
- MORGANITE RESISTORS MIDGET TYPE c 


HIGH STABILITY 1% 2% 5% 
WIREWOUND SILICONE & VITREOUS WEARITE 











Large ranges of T.C.C. and ERE 


HUNTS Capacitors. 


POTENTIOMETERS — MORGANITE COLVERN “ULGiy 
DUBILIER - EGEN - COLVERN - 
AND MINIATURE TYPES av 
Ro? 


; 2, 
BELLING LEE 4 TRANSFORMERS — Extensive range mer 


and special laboratory types made to 


MUL 
LArp ny, specification. 
CHASSIS, COILS, INSTRUMENTS SPIT STATOR and GANGED CAPACITORS ETC ETC 
te We specialise in supplying Development Laboratories, Manufacturers, 


Government Research Labs., etc. CAN WE HELP YOU? 


ILLUSTRATED CATALOGUE AVAILABLE 


RADIO SERVICING CO. 22 south Ealing Road, 


LONDON, W.5 


p LAST ‘ CS RELAYS P.O. TYPE 3000 


QUICK DELIVERY 


‘a ae KEEN PRICES 
CONTACTS UP TO 
A) 8 CHANGE OVER 


The firm with the KEY SWITCHES 


. , PROMPT DELIVERY ALL TYPES 
technical ‘ know - how uP TO «coco 


ENDING 


* “ mINMAT URE RELAYS 
ALL MOULDINGS 22 2 aa ane o Sones "7 
in ACRYLIC, P.V.C. S.T.C. Sealed. atePstis 
7 2 | make heavy duty 4186ED 19/6 


00 ¢ 
and STYRENE Q 2 Change Over 4184GD 19/6 
P Q 2 Change Over 4184GE 22/6 
sheeting E.C. Sealed. 
Q 2 make 2 break SMSHI2 25/- 














y ey Ph a Over SMSNI8 25/- 
INTRODUCING ! JAE. Carpenter Relays . 

330 1040 ¢ B2! 75/- 

MIDAFOM EXPANDED a0 0 SM32A 48. 

POLYSTYRENE o mane 48) 


All available from stock. 
moulded to your requirements 
ELECTRO-MAGNETIC COUNTERS 


Full my . COUNTING UP TO 9999 
 Dopyyg | See SS 
: a ary 2300 ohms 3 ohms 
: 2 Bees 
request - @ac . 
fens PLASTICS LTD 


SS HIGH SPEED TYPE 100c 
Phone: CRO 0839 “SQ 2300 ohms. 30/- 
PLASTICS UNIT: 34, HOXTON SQUARE, LONDON, N.! L. WILKINSON (CROYDON) LTD. 
Telephone: SHOreditch 7433/7373 19, LANSDOWNE ROAD, CROYDON 
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“To a chap like me— 
and |'m proud of my work— my pencil's 
my living. 
The pencils | use have to stand up to fast 
hard work, their grading’s got to 
be absolutely spot on—not almost 
or nearly but bang on the dot every 
time. 
The leads must hold their points 
and flow smoothly throughout a long line — 
no crumbling or ‘clinkers’ mark you! — 
and if | erase a line it must go cleanly — 
there's no ‘furrow’ left in my paper 
so you won't find ghost lines in prints 
made off my drawings. As a matter of 
fact you can tell from a print when it is 
my drawing —tii6 print's always first class." 


‘What pencils do |! use?” 


“Venus drawing pencils of course, the ones 
with the crackle finish !— how else 
do you think | keep up my high standard?" 


YENUS 
Yer DRAWING 
¥ PENCILS 


* VENUS Drawing Pencils are made in 17 accurate 
grades from 9H to 6B. 


THE VENUS PENCIL CO., LTD., LOWER CLAPTON ROAD, LONDON E.5 
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Fans for all 
electronic duties 


The 1900-valve analogue computor made by Elliott 
Bros. (London) Ltd. for the Long Range Weapons 
Establishment, Australia, is fully air conditioned. 
Four 19in. two-stage Woods Aerofoil fans (above). In 
contrast, aircraft electronic equipment is being fitted 
with Woods 2.4 in. 400 c.p.s. fan. 

May we send you Woods Small Fan Catalogue V3695? 


Arial fans, 43°, 6", 
74, 84° and larger. 








7 


pe 


Two stage arial fans 
74° and larger. 


Centrifugal fans, 
ao o@e a7 « 


wooDSs 
of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER 
Telephone Colchester 5111 
Fan manufacturers since 1909 
AN ASSOCIATE COMPANY OF THE GENERAL ELECTRIC Co, Ltd., OF ENGLAND 
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HEAT-TREATMENT 
SCORE MARKS 
SCUFFING 
GALLING 


> 2 ELIMINATED 
a. 


N.C. ASHTON LTD. tevvensriciy encuanp 


HUDDERSFIELD 6263/4 











MINIATURE MICROPHONE 
LOUDSPEAKER 
6300—() 


Leaflets on Demand 


TRIANON - ELECTRIC 


96, COBBOLD ROAD, 
LONDON, N.W.IO 


WIL 2116 


“@-MAX " MODEL 
G.D.O.—1A GRID DIP 
OSCILLATOR 
is an ideal instrument for 
the determination of tuned 
circuit resonant frequency, 
tuning transmitters without 
application of power, for 
the determination of coil 
mutual and stray induct- 
ances and both fixed and 
stray capacitances Covers 
1.5 to 300 Mc/s. in eight 
ranges. PRICE 5 Gns. 

Complete 


“@-MAX" CHASSIS 
CUTTERS 


The easiest and quickest way of 
cutting holes in SHEET 
AL. 


each 
12/9 
13/9 
16/- 
18/- 
20/6 
33/6 
38/6 


. (b) 25/6 
3 (b)—1/6; (c)— 


Patent No. 619178 





40 Page FULLY ILLUSTRATED CATALOGUE of Electronic 
and Hi-Fi Equipment free on application 














BERRY 


25, HIGH HOLBORN, LONDON, W.C.I. 
Tel.: HOLborn 6231/2 
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Are you up against 
fluctuating mains voltage ? 


Supply voltage fluctuations cause erratic instrument readings 

and variations in the end product. Obvious, of course ! 

But as you probably know the solution is not so obvious. It’s 

a specialists’ problem—and one to which ‘ Advance’ have 
devoted many years of research — and found most of the answers. 
Why not put your problem to ‘ Advance’. You'll not only save 
hours of your research engineers’ costly time, but you'll have 

the design and manufacturing services of the acknowledged 


authority on voltage fluctuation problems. 


Advance can help you 


Cc 
Vv 
TT 


Full technical details available — Leaflet M54 CONSTANT VOLTAGE TRANSFORMERS 








ADVANCE COMPONENTS LIMITED 


ROEBUCK ROAD - HAINAULT ~« ILFORD ~- ESSEX Telephone : Hainault 4444 
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BEAT-FREQUENCY 
OSCILLATOR 


. ail 
28/7" )@e 


Type HOI2 
2, cps to 20 kc/s and 20 kc s to 40 kc s 


FREQUENCY ACCURACY: 
0°5°%, +1 cps. 
FREQUENCY STABILITY: 
3 cps per hour after 5 min. warm-up. 
Less than | cps change from 5% line voltage 
variation. 


OUTPUT: 
Max. 6 Watts output power. [0uV to 50V from 
built-in attenuator. Residual hum below 0.1%. 
Distortion at | watt output less than 0.2%, at 
1000 cps and less than 1°, above 80 cps. 
OUTPUT IMPEDANCES: 
5, 25, 150, 600, 2500, and 10000 ohms. 


Large easy-to-read 20” individually en- 
graved frequency dial linear from 0 to 
100 cps and logarithmic to 20 kc’s. 
Incremental 300 cps dial with 2 cps divi- 
sions. 

Provisions for remote control of output 
and for connection to Recorder Type NS3 
which uses frequency calibrated recording 


paper. 


SPECIAL DESIGNS with built-in warbling 
device and/or | Mc's amplitude modulated 
oscillator (up to 100° AM with 2% dis- 
tion. 


Radiometer supplies: 
AF OSCILLATORS 
R-L-C BRIDGES 


STANDARD-SIGNAL 

GENERATORS 
VACUUM TUBE VOLTMETERS 
WAVE ANALYSERS 


RADIOMETER 


72 Emdrupvej, Copenhagen, NV-3, Denmark 
Represented in Great Britain by 


Livingston Laboratories Ltd. 
Retcar Street, London, N.19. 
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Jackson Brothers Butterfly Vane 
Trimmer, type C711/719, with 
capacity of up to 65 P.F. with 
0.015 in. air gap (each half) and 
up to 15 P.F. with 0.045 in. air 
gap (each half). 


NEW 


RANGE OF 


pfliuubdlllig 


It’s reliable... 


if it is made by 
Jackson Brothers Trimmer, 


JACKSON 
(Ww SO i 
= ROS. Ralbainey wth agian +0 


up to 150 P.F. with 0.015 in. ai 
(BY (LONDON) LTD gap (each half) and up to 30 


Ss I 
— 


KINGSWAY-WADDON - SURREY Telephone Croydon 2754/5 


ew 
701/709 








THE : 
“54” <a a ne a 
i ie | at ib | —- ka 


DRAWER [iepliualeetteiett ce] ae =| 


UNIT oe ee sm: 

ALL STEEL 2 as ee a z 

Stove “Be moe 
Enamelled ae oe = 


me 

BRONZE mm : 

GREEN. a 
. 


OVERALL 
SIZE 
42” HIGH 
36” WIDE 
12” DEEP 


Contains 54 of these drawers, 
each 5” wide 3” high I1}” long. 
54 dividers and 54 drawer cards 
with each unit. Extra divider 6d. 
each. 


£18 DELIVERED FREE U.K. 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: 69018/9 (3 lines) 
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TRANSFORMERS 


CAST RESIN TRANSFORMERS 
Give complete mechanical and 
climatic protection for core and 
windings. Good heat dissipation 


HERMETICALLY SEALED ‘C’ 
CORE UNITS 


A complete range covering trans- 
formers from | Va to 2 kVA and the 
usual range of chokes 


POTTED COMPOUND FILLED 
TRANSFORMERS 

A wide range of capacities for 
transformers and chokes, complete 


reliability Suitable for exac ting 
industria! and climatic conditions 


SHROUDED AND OPEN-TYPE 
‘1. RANSFORMERS 

Combines first-class engineering 
with a popular highly Competitive 
product acuum impregnated and 
rigidly tested 


MICROPHONE TRANS- 
FORMER 
For use with moving coil micro- 


phone, minimum hum pick-up 
and maximum efhciency 


In addition to the types shown we 
manufacture a great variety of 
Transformers for all electronic 

| Also P I 
applications. Also ower rans- 
formers up to 750 kVA 


WODEN TRANSFORMER co LTD Catalogues available on request. 


BILSTON STAFFS Telephone: BILSTON 41959 


Ke YOUR PICK 


Our wide range of capacitors, incorporating all the very latest 
~. developments, are described fully in these new leaflets ... 


SEND NOW for COPIES 


DALY has succeeded in maintaining fullcapacity values 
and working voltages in more compact designs, 
specially suited to ultra-modern equipment: 


. PHOTO-FLASH EQUIPMENT - DEAF AIDS 
FRIVATE TELEPHONE INSTALLATIONS 

_ AMPLIFIERS + D.C. POWER UNITS 
TRANSISTOR EQUIPMENT 

“_ MAGNETISATION 
EQUIPMENT 

_ TEST GEAR 








SM/W2683 








ELECTROLYTIC 
CAPACITORS 


Condenser Specialists for over 20 years. 
nae 
DALY (Condensers) LTD«, WEST LODGE WORKS,™ 


THE GREEN, EALING, LONDON, W.5. PHONE: EALING 3127-8-9. CABLES: DALCYON, LONDON 
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GEARS and 
ASSEMBLIES 


TO DIRECTORATE 

OF NAVAL ORDNANCE 
CLASS | 

AS SUPPLIED TO 
LEADING RADAR AND 
ELECTRONIC FIRMS 


All supplies are subjected to a rigid system 
of inspection, assisted by a complete range 
of up-to-date instrument proving equipment. 


SCIENTIFIC & PROJECTIONS LTD. 


Kidbrooke Park Road, Kidbrooke, S.E.3 
Telephone : LEE GREEN 2112 














MINIATURE 
BEARINGS 


range in size from 1-5 mm. o.d. 
to 10 mm. o.d. Some are made 
with open cups which allow 
clearance for spindleextensions, 
ranging from 0°25 to 2 mm. 
Full particulars and sizes are 
available on application. 


SPECIFICATION 
Mode of operation TEol Calibration accuracy | Mc/s 
Waveguide No. 16 5 Mc/s The bearings illustrated 
Q unloaded 30,000 Discrimination 200 Ke/s are actual size. 
Q loaded 10,000 Micrometer Divisions 0.0002” 


Frequency range 8.5 KMc/s to 12.5 KMc/s, 8.5-10 KMc/s, 
10-12.5 KMe/s ALL- F.B.C. FISCHER 
PRICE €6§ (in the U.K.) BRITISH Regd. Trade Marks 


DELIVERY TWO MONTHS OR LESS 


Se ee ae sent FISCHER BEARINGS CO. LTD. WOLVERHAMPTON 
Precision Instruments are made in all Waveguides from No. 10-22 


FLANN MICROWAVE INSTRUMENTS LTD. 


433 Munster Road, Teddington, Middlesex, England. 
Telephone No.: Kingston 7217 
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absolutely 


For years, Gardners have been developing a 
consistent design and manufacturing policy resulting 
in more than 600 different types of transformers and 
chokes being available, usually for ‘return of post’ 
despatch. Such a service, coupled with the wide 
range of designs, and the outstanding reliability of the 
product is, for want of a better couple of words, 
absolutely Gardneristic. 


Gardners) TRANSFORMERS & CHORES 


are fully described in a loose-ieaf catalogue we shall be 
delighted to send you by return of post. 


GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, HANTS. _ Tel. CHRISTCHURCH 1024 
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LOAD 


... SPECIFY 
SUNVIC 


Sunvic components are widely used for controlling equipment such 
as moulding presses, furnaces, incubators, chemical plant, etc. 
Together with the Sunvic potentiometric recorder they also have 
numerous applications in scientific and industrial research particu- 
larly for measuring, controlling and recording temperature and 
small electrical quantities. 

If you have a specific problem or would like technical information 
on any or all Sunvic components, please contact Sunvic Controls 
Ltd., P.O. Box 1, Harlow, Essex. Tel: Harlow 25271. 


ADJUSTABLE 
BIMETAL THERMOSTATS 


Sunvic TS thermostats are operated by a 

bimetal strip wound into the form of a helix. Can 

be used to control temperatures of up to 300°C. 
(570°F.) for a variety of applications in research and 
industry. Models available for air temperature control 
of rooms, cold storage and drying chambers, for oven 
control and general laboratory work, and with a 
sensitivity of +1/10°C. for very accurate control. 


ENERGY REGULATORS 


The Sunvic energy regulator effects its control by 
periodically switching on and off the power, the 
ratio of the on-time to the total time determining 

the average power input, which is continuously 
variable. Available in several forms with a 
continuous rating of IkW at 230V. A.C.; also 
supplied with an HVS relay for larger loads. 


HOTWIRE VACUUM SWITCH 


(HVS) TUBES AND RELAYS 

Available either as a loose tube for switching up to 
10 kW at 400V. A.C. or D.C. or as a complete 
relay either enclosed in a plastic box or mounted 
on a paxolin base for incorporation in customer's 
own equipment. For single—or three-phase A.C. 
applications. Advantages are: no arcing; silent 
operation; low, non-inductive operating current; 
A.C. or D.C.; inductive or non-inductive loads 


Mi. Control and research equipment 
for sevonce asd industry 


SUNVIC) 
relays, thermostats, time delays, energy regulators, 
An A.E.1. Company D.C. amplifiers 2nd potentiometric recorders 


$C /68 
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Londex midget relays, made to the highest standards, are 
designed for incorporation in electronic equipment and 
business machines or in other types of industrial control 
mechanisms where space and weight are limited 
COILS available for A.C. or D.C. working Con- 
tinuously rated. 
CONTACTS make and break or changeover. 
Maximum, 3 sets of changeover 


LONDEX LTD. 


Anerley Works, London, S.E.20. Sydenham 3111 














0 
SALA ox 


(Swiss made) 


for time switches, 
timers, signal instal- 
lations, time lag 
relays, recorder 
chart feeds and sim- 
ilar apparatus. 
This motor has many 
advantages: solid 
construction, instant 
starting, slow run- 
ning and thus 
minimum wear, 
faultless self- 
lubricating rotor 
bearings, highest 
possible torque, 
wide choice of 
speeds, dust and 
splash-proof, no 
maintenance 
required. 


FRED FERRARIS (Clerkenwell) LTD. 
Instrument Makers, Design, Prototype & Production. 
14, NORTHAMPTON SQUARE, LONDON, E.C.I. 
Telephone: Clerkenwell 2676/7. 
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- Are you kicking 
over the traces? 


You cannot afford to waste man hours, to use 
highly trained personnel for tedious routine 
jobs when they could be better employed. 


SINDAK DATA REDUCTION EQUIPMENT 
for the analysis of recorded data in bulk or on 
a small scale saves time, trouble and expense. 


THE K1020 OFFERS THESE FEATURES 

Rapid and convenient handling of film 

or paper charts up to 6 inches in width. 
Comprehensive linear and non-linear 
calibration facilities. Positive and negative 
readings about zero. Zero adjustable over 
full record width. Digital output in actual 
physical units. Visual Display for ‘** quick 
look ’”’ purposes. Permanent record by 
typewriter, tape or card punch. 


This system can also be used as a direct 
Digitiser on any Analogue voltage source. 
The K1015 provides a simpler system of 
output in a fixed digital scale of 1,000 units. 


K1020 TRACE READING EQUIPMENT 
Designed for the rapid analysis and 
reduction of Analogue data to Digital / 


& EQUIPMENT FOR CALCULATION AND ANALYSIS 


SOUTHERN INSTRUMENTS COMPUTER DIVISION CAMBERLEY SURREY TELEPHONE: CAMBERLEY 
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POLY: TETRA 


FOR 
ELECTRONIC - RADIO & 


TELECOMMUNICATION 
INDUSTRIES 


* FABRICATIONS 
* MOULDINGS 
* EXTRUSIONS 
* COATINGS 


For some years Henry and Thomas 

have been one of the leaders in 

designing and producing specialised 
components in P T FE 


STANDARD PRODUCTION INCLUDES 


VALVEHOLDERS TUNING COILS 
INSULATORS * WASHERS «_ SEALS 
SWITCHES «* CRYSTAL HOLDERS 

* AERIAL MOUNTINGS 


and many items for specialised application 


CSPY 





ae ( ae 


YEO STREET - BOW COMMON ~- LONDON 
Telephone No.: EAST 4545. 








—H. T. NEWTON 


SPECIALISTS TO THE ELECTRICAL 
AND ELECTRONIC INDUSTRIES 


Electrical and Electronic Equipment, 
Switches, Plugs, Sockets (Over a million 
in stock—IMMEDIATE DELIVERY), 
Relays, Fuses, Connectors, Distribution 
Boxes, Radio & Radar Components, 
Instruments and Test Gear. 


A.l.D. and A.R.B. approved 


Contractors to H.M. and Foreign Governments 


GATWICK AIRPORT 
HORLEY - SURREY 


Telephone: HORLEY 1510 & 3613 
Telegrams: NEWTONAIR HORLEY | 


| 
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You can see why appliances 
which MUST be absolutely reliable 
in operation are fitted with 
Drayton HYDROFLEX metal bellows 


An instrument manufacturer writes : 


“‘We think you might be interested in the enclosed bellows 
which were subjected to a violently fluctuating pressure 
of 1,500 Ibs/sq” as the result of a technical hitch. The 
bellows did not leak which we think is a 
very great tribute to their manufacture”. 
%*% HYDROFLEX metal bellows are suitable 
for all thermostatic and pressure sensitive 
applications. Write for List No. M. 800-1 


B.17 
The Drayton Regulator & Instrument Co. Ltd., West Drayton, Middlesex 
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‘ZENITH 


NEW and IMPROVED 
“*VARIACS’”’ 


at REDUCED PRICES! 


Due to increased demand, up-to-date design practice and 
modern production methods, we are able to announce substantial 
price reductions on most ““VARIAC” models. 


All “VARIAC”-*DURATRAK Transformers have a _ brush 
track treated in accordance with British Patent No. 693406, which 
produces a coating of precious metal alloy on the brush track 
surface, eliminating the possibility of deterioration due to 
oxidation, and reducing contact resistance. “VARIACS” with 
DURATRAK have longer life, increased overload capacity and 
maximum economy in maintenance. 


Our comprehensive catalogue, which covers over 170 models, will 
be giadly sent on request. 


The ZENITH ELECTRIC CO. Ltd. 
ZENITH WORKS, VILLIERS ROAD 


WILLESDEN GREEN, LONDON, N.W.2 
Telephone: WILliesden 6581-5 Telegrams: Voltaohm, Norphone, Londoa 


*REGD. TRADE-MARKS 
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INDIUM 


The manufacture of semiconductor devices depends not only on scientific skill and 


U9 
veteet 


Mf 


Jestesies 


ingenuity but also on a knowledge of the availability of the best raw materials. That is why 


= ai 


so many manufacturers are specifying TADANAC INDIUM 


thee 


TADANAC INDIUM is a product of The Consolidated Mining & Smelting Co. of 
Canada Ltd., one of the world’s leading INDIUM producers. It is available as 99.97% or 


99.999% guaranteed purity, in a variety of alloys and fabricated shapes. 


TADANAC INDIUM is supplied in the United Kingdom and Europe by 


HENRY GARDNER 


AND COMPANY LIMITED 


2 METAL EXCHANGE BUILDINGS - LEADENHALL AVENUE + LONDON : E.C,3 
Telephone: MANsion House 4521 


who are in a position to offer full technical service, backed by 


the Research Division of the producers 








Pet | 
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for every type of 
resistor 


Fine and Superfine Wires, in all 
sizes, down to .0007” diameter are 
now readily available. Fully 
annealed, with either bright or 
oxydised finish. 

A special quality stress-relieved 
bright finish can also be supplied. 


80/20 and 15% nickel chrome 
resistance wires and tapes 


All Vactite resistance wires fully comply with the 
relevant British Standards. 


For details and samples write to:- 


VACTITE WIRE COMPANY LIMITED FAC) PN 
ww Jal 





75.344 S11. RON STREET - SALFORD 3.°* LANCS NS 





When it’s a question of 


HYDRAULICS 


it pays to consult 


pow ER A 


me 


RECTIFIERS 


Where AC to DC conversion is 
required, HED Rectifiers have been in 
use for many years and installations up 
to 100 kilowatts have been manu- 
factured. These can be supplied as 
straight Transformer Rectifiers or with 


WWI. 


NALA 





Magnetic Amplifier Control giving 


Hand Retraction smooth DC Control outputs over a 


Operated Jack very wide range. Air Blast or Oil 


Filled can also be supplied 


ATTN, 


Top and Side 
Double Acting covers removed 
Jack (Extension 


Motorized Pump and Retraction) 


for low voltage 
mains supplies 


HYDRAULIC CLAMPS 
VALVES ue or 4 way valves This simple, speedy method of work- 


or Hand Operated holding slashes production time and 
Pump 


Solenoid Valves push 
open or push closed 


your 
ee ~ JAC KO Publication Al/223 sent free on request 


AA 


SN 


LIMITED 
MAYLANDS AVENUE, HEMEL HEMPSTEAD 


SS 


HIRST ELECTRONIC LTD. 


Telephone: Boxmoor 3800 Telegrams: Newsorber, Hemel Hempstead GATWICK ROAD. CRAWLEY. SUSSEX 
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\Birch/ 
VITREOUS 
ENAMELLED 


RESISTORS 


FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) 
9 SIZES — 10 to 250 WATT 





Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 


WIRE END TYPE 
7 SIZES — 1} 30 WATT 


Axial or radial leads, tinned, securely 
fixed to the unit and capable of support- 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 


i® 


The specially developed enamel of these resistors, fuses to an 
intensely hard, high gloss surface giving complete protection to 
the winding under the most adverse conditions. The enamel is 
completely inert at all times and free from crazing, which allows 
wires of the finest procurable gauges to be safely employed. 
Hence a wide range of resistance values is available in each size. 


Write for List No. 190 


Birch 


H. A. BIRCH & CO. LTD. 


WOOD STREET, WILLENHALL, STAFFORDSHIRE 

Telephone WILLENHALL 494 495 Grams WILOHM WILLENHALL 

LONOON OFFICE: 1-5 NORTHOLT ROAD, HARROW, MIDDLESEX 
Telephone : BYRON 5120 
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20th. June / 26th. June. 


PARIS 


SALON 
INTERNATIONAL 
DE LA 

PIECE DETACHEE 
ELECTRONIQUE 


INTERNATIONAL 
EXHIBITION 

OF ELECTRONIC 
COMPONENTS. 


The largest technical display 
_— in the world 
in the field 


of electronics. 


EXHIBITION PARK 
PORTE DE VERSAILLES 
PARIS 
FRANCE 

e- 


ei 1s 


SO ual cane 
For all enquiries, apply to 
‘“‘Commissariat Général 
du Salon de la Piéce Détachée’’ 
23, rue de Liibeck, PARIS-16¢ 
Téléphone : PASsy 01-16 
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TELMAGEE PLASTIC MOULDINGS 


TO FINER LIMITS 


Nylon - Polythene - Polystyrene 


Strip wound cores 


OMPRESSION & Injection 
Moulding 


IGHLY experienced Elec- 
tronic & Design Engineers 
at your service 


kt LECTRONIC Component 


Encasement 


AMINATED Glass 
Structures 


T RANSFER Moulding 


for consistently high O BSINALSeesormen 


Design undertaken 


performance Ry veo rein 


Every TELMAG core is tested and guaranteed 





Spells versatility in plastics 
Write for details to 


GWELTON (Cceereer 


(Plastics Division) 


MARLOW-BUCKS 


Telephone Telegrams: MARLOW 1065 














® PHIL-TROL 


* | , \ Range covers types 41 and 

In single and 3-phase transformers — || 42 (iront I” x 14") 38, 39 

“Aste and 40 (front 14” x 1}”) 

* High performance components. and power A.C. and D.C. 
QUICK DELIVERY ||| sizes up to 60 inch-lbs. 


TELMAG * A wide range of sizes and types. Solenoids are normally 
6 v-460 v A.C. and 


OFFER Rapid delivery. Senge ene aay 
can at : as receipt of order. || ||| | D.C. types 


You %* Competitive prices. * Se OSes e 





First-class technical service. 
ot eee eaaean ian PHILLIPS CONTROL (G.B.), LTD. 
TELMAG are the largest manufacturers of strip wound Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 
cores to the Trade in Great Britain, and have 
exceptional facilities for the production and testing 


of wound cores in the standard ranges. Specials 

and prototypes offer no problem; write to us INSULATING SLEEVINGS 
for technical literature indicating the product group 1 7 

in which you are interested. | 
Banding Tools, Strip and Seals are available ex stock. P.V Moe 

You can rely on for quality and service SLEEVINGS 

INSULATED WIRES 
and FLEXIBLES 


B. APPROVED. oo 











TELCON-MAGNETIC CORES LIMITED 
CHAPELHALL, AIRDRIE, LANARKSHIRE, 
GREAT BRITAIN. Tel. Airdrie 2283-4. {A.D ANDIA-R. 
Telegrams : TELMAG, Airdrie. PLASTICABLE LIMITED | 


A member of the TELCON Organisation HAWLEY LANE - FARNBOROUGH - HANTS 
PHONE: FARNBOROUGH, HANTS 8&5 
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Aaa SULL: 


AT EVERY WIRES END... there: 


call for COLLETT § 


‘o) 


. .. without delay ... every one of our standard range of over 
130 different types is always available from stock! 

We specialise in the supply of terminals, tags and clips. Small quantities? 
With pleasure! Our | gross boxes of high-grade terminals 

are famous throughout the industry. Please write or phone for catalogue 


S. H. COLLETT Mfg Co Ltd 


Electronics Dept., 347 & 349 Gosweil Road, London, EC! Tel: TERminus 2584 





Other N.E.P. instruments inclu 
different types of recorder, 
galvanometers, automatic process 


machines, carrier systems, etc 


Number of channels: six or twelve 

Paper : 120 mm. width, 100 ft. length 
Paper speed : .2°, .6", 2°, 6 per sec 

or half, double or quadruple these speeds 
Galvanometer range: D.C. to 2,000 c's 


INSTANT 
RECORDING 


without developing 


5 





with galvanometer sensitivity 


This self-developing recorder will prove a powerful tool in the investigatior 
of your problems such as the measurement of pressures, temperatures, 
vibration, stresses, etc. It will simplify instrumentation and save valuable tin 


New Electronic Products Ltd 
360 Kennington Road London SEI! Telephone: RELiance 5161 
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OSCILLOGRAPH 
RECORDING 
CAMERA 


|NETRA 


Reg'd Design No. 881830 


Capacity 
200 ft. 
or 400 ft. of 35 mm. film 


PROTOTYPES—EXPERIMENTAL MODELS 
PRECISION GEARING AND SPROCKETS 


12, OVAL ROAD, LONDON, N.W.I 
Telephone: GULliver 2353/4085 








BRASS, COPPER, BRONZE, 


ALUMINIUM, LIGHT ALLOYS 
IN ROD, BAR, SHEET, TUBE, STRIP, WIRE 





3000 STANDARD STOCK SIZES 


H. ROLLET % CO,, LTD. 


6 CHESHAM PLACE, LONDON, S.W.1. 
SLOane 3463 


36 ROSEBERY AVENUE, LONDON, E.C.! 





Works : 


Branches at LIVERPOOL, MANCHESTER, BIRMINGHAM, LEEDS 


“‘No Quantity too Small’’ 




















A.C. SOLENOID TYPESBM/T 
GREATLY INCREASED PERFORMANCE 


Continuous 3} lbs. at 1” 
Instantaneous to 16 Ibs. 





Same dimensions as Type SB 
Smaller sizes available. 


Greatly increased discounts for 
quantities. Also transformers 
to 7kVA 3 phase 


R. A. WEBBER LTD. 


18 FOREST ROAD, KINGSWOOD, BRISTOL PHONE 67-4065 








SPUTNIK 





The very name Sputnik will cause to be released millions 
of peunds in the cause of Research and Development. Keep 
in step with these developments and use 


Beryllium Copper Crinkle Washers 


Fabricated from Beryllium Copper Scrip. The Washers are heat treated and 
plated. They are non-magnetic, and when plated are 100 per cent corrosion 
resistant They have a relatively high electrical conductivity, and will nox 
damage highly polished and plated surfaces to be locked together. 
it is used extensively by such industries as Radar, Television, Wireless, Aircraft 
and the Electrical and Electronics trade in general, and by most Government 
Departments. 
\t is approved by the British Admiralty Signal and Radar Establishment, 
to their Spec. A.1 10000, also RAE/RSP.318 and by RCSC/RCL.224. 
The Washers can be supplied tested and released A.|.D. 
or A.R.B., and are also supplied in Good Commercial 
Quality. 
A Custom Made Product of special interest 
to the Electrical and Electronic 
Industries. 


DAVID POWIS LC SONS LID 


2WARD WORKS SPARKSROOK BIRMINGHAM i! 2ONE WIC 1264-8 
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the choice 


of the 
discriminating 
design 
engineer 


30 years of design and 
manufacturing experience are 
behind the high standards of 
reliability and esentation 
which make Sifam Instru- 
ments the natural choice of 
the discriminating user. 


Type M25 . 
Scale length &® 
1.9 ins. 
f 
al Type M20 
Scale length 


Type M35 1.6 ins. 
Scale length 
2.75 ins. Type ™m40 
Scale length 
3.4 ins. 


ne emcee scieeaiemmede 
| ter aad 








The Instruments shown here are only a small selection from 
a range as renowned for its extent and flexibility as for its 
reliability and accuracy. The Sifam Technical Representative 
will be glad to call and discuss your instrumentation needs. 


Write now for comprehensive data 
Sheets covering your requirements. 


SIFAM ELECTRICAL INSTRUMENT 


CO. LTD. Leigh Court, Higher Lincombe Road, 
Torquay, Devon. Torquay 4547/8. 
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PRODUCTS 


By combining the newly developed 
Vacuum Switch illustrated with our 
Series ‘G' miniature telephone type 
relay an extremely compact and 
efficient unit is available for the EX-STOCK 
control of high voltages. Up to 2Kv STANDARD 


: TYPES OF 
A.C. or D.C. at 2Kw, can be directly aautene OTHER PRODUCTS INCLUDE 


switched. Alternatively the normal RELAYS & Diesel Alternator Automatic Control! Panels. ‘Off Peak’ Tariff Units. ‘On 
Demand’ Diese! Alternator Panels. Air Operated Switches. Zebra Flashers 
CONTACTORS M.O.T. Approved. Miniature Contact Thermometers. Mercury Switches 
Miniature Plug in A.C. and D.C. Relays. Adjustable Contact Thermometers 
, CURRENT Voltage and Current Sensitive Relays. Contactors up to 150 A.C. Test 
with up to six change over contacts. RATINGS Sets and Control Consoles. ‘Mains Failure’ Relays. Time Delay Relays 
Special Automatic Control Panels Automatic D.C. Fluorescent Lamp 

A hermetically sealed version can also from $ to 60A Change Over Units. Miniature Telephone Type Relays G. Series. No Volt 
Protection Timing Relay. Diesel Repeat Starting Unit. Laundry Machines 

be s lied SINGLE DOUBLE Reversing Unit. Grain Drier Control Unit. Transformer Protection Relay 
upp ied. & TRIPLE POLE Switches. ‘Delay-Make’ Cascade Timing Relays. Earth Leakage Relays. impulse 
Expander Units. Electrical and Hand Reset Relays. Balanced Two Coil 
AVAILABLE Differential Relays MK.2' EG. Relay. ‘H’ Series Relay. Contro! Panels 


Write for leaflets M.T.R. for full details. * oO IPERS. Varun Salen 


ENGEL & GIBBS 
WARWICK ROAD - BOREHAM WOOD - ELSTREE - HERTS.  Tel.: ELStree 2291/4 


spring contact assembly can be fitted 














MODEL ESSEX 52/FA 


with wires attached. 





2 * Fully Automatic Machine 
e co ] specially designed for printing 
automatically small resistors N 


COMBINED MARKING & 
PRINTING EQUIPMENT 


© As used by Leading Manufacturers 
throughout the World. 


The Rejafix Machine will 

print on any shape and on any 
material as well as paper, 
cardboard, fabrics, etc. 


@ SIMPLE TO OPERATE @ ECONOMICAL TO RUN ® CLEAR PRINTING IN LONG RUNS 


REJAFIX LIMITED 21-23 FULHAM HIGH STREET - LONDON - 5.W.6. 


Telephone : RENown 5802-3-4 : Telegrams : Rejafix, Walgreen, London : Cables : Rejafix, London 
STOCKISTS IN MOST COUNTRIES 
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Delay Relays 





ELECTRONIC PROCESS TIMERS 
FOR AUTOMATION 


AIDS TO 
PRODUCTION 


FOR INFORMATIVE 
SWITCHING AND 
AND ECONOMICAL 





HILTON ELECTRIC CO..LTD. 


POOL ° WULY & Roh eee T OLN 





All the experts 
use — 


HENLEY 
SOLON. 


ELECTRIC SOLDERING IRONS 


* Reliable 
“® Speedy 
* Long-lasting 


A model for every purpose 


65 watt round pencil bit 








Leaflets on request from : 


W. T. HENLEY'’S TELEGRAPH WORKS CO. LTD. 


51-53 Hatton Garden, London, £.6.1 
Tel: CHAncery 6822 


FOR 25 YEARS THE BEST 
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~ API372 AP10428 AP10855 
Transmitter AP6547 AP10852 AP11100 AP6550 AP10738 
AP11101 
F.T.S. 
Transmitter 
SY-L Transmitter AP10638 AP10866 AP11123 
Coincidence 
Tr eter AP10429 AP10682 AP10739 AP11112 
X-CO 
Transmitter AP 10952 
F.T. Transmitter AP10687 AP10741 AP10742 AP10742M 


Hunter incdg. AP3946 AP6548B AP10854 

S.A. Hunter AP6548 AP10645 AP10732 AP10872 
M.C. Hunter AP. 0938 AP10646 AP10870 AP10964 
SY-L Hunter 


Resolver AP10858 AP10860 AP10966 AP10874 
Receiver OSHZ3A AP6549 AP6549A 


Motor and AP10642 AP10643 AP10862 AP10743 AP10877 OS3255A 
Generator AP10940 =AP10957 


MANY OTHER TYPES AVAILABLE. YOUR ENQUIRIES ARE WELCOMED 
SERVO SYSTEMS AND COMPONENT BROCHURE SENT ON REQUEST. 


PLASTIC 


For delivery SERVO AND ELECTRONIC SALES LTD., 
A SLI P ex stock |, HOPTON PARADE, STREATHAM HIGH RD., 
from:— LONDON,S.W.16. Tel : STReatham 6165 





ks, Los Acre. Birmingham 7 ‘East 307h2-3 
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eee maintaining contact 


under difficult conditions is often a strange 
blending of the old and new. In this 
Geophysical Year the dog sleigh and the modern 
two-way radio play an equally important part. 
As specialists in the working of 

precious metals we also play our part in 
‘maintaining contact’ and the “Thessco” 

and ““Thessconite” range of contact materials are 
widely used throughout the electrical 


industries of many countries. 


The latest catalogue giving our full range of 
sintered and wrought metal contacts 

is yours for the asking — or one of our 
technical representatives will 


be pleased to call for a full discussion. 


JH BPFLEL SMELLING 


Company Limited 


"HEAD OFFICE AND WORKS: ROYDS MILL STREET, SHEFFIELD, 4. 
also in LONDON and BIRMINGHAM 
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RADIO TELEPHONE AERIAL SYSTEMS LTD. 


(IN ASSOCIATION WITH J-BEAM AERIALS LTO. AND SKY-MASTS) SKY-BEAM 
\ 


REDAN STREET, LONDON, W.14 
SHEpherds Bush 6426 RiVerside 7878 


DOUBLE EIGHT SLOT 
GAIN 145 DB. 
BEAMWIDTH 18° 


END FED 
MOBILE 


430 Mes BAND 

ens COMPLETE 
io NOW AvAl 

ung OINT Ti LABLE 


END FED MAIN a 
STATION DIPOLE / 


We are VHF aerial specialists and can advise you on aerial 
systems, technical performance and practical installations, 
and can carry the work through to its final stages. 
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FREQUENCY METERS 


SIZES : 2)” to 8” 
UP TO 5000 CYCLES 


PROMPT DELIVERY 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 
Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 


HILLINGTON GLASGOW 


London stockists, H. A. Patterson & Ptnrs., Led., 
Oxford House, 23 West Wycombe Rd., High Wycombe 
Telephone : High Wycombe 2769 
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if you NOOO cameras: os. wmmammaes 
asmall METAL PRESSING 


for your product, why not consult us ? 
& *& € 


We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET, BIRMINGHAM 4 
Phone : CENTRAL 2492 


INSULATEDTINSPECTION MIRROR 























A one-piece steel handle securely soldered to 

a shell carries a 24 mm. diameter glass dental 

type mirror. 

All the exterior is coated with a thick conti- 

nuous layer of synthetic insulating compound. 

The mirror can be used with convenience and 

safety for the inspection of switch gear, relays, 

etc. 

No. 1195 either plane or magnifying mirror. 
MANUFACTURED List No. 168 illustrated and describes this and 

BY:— other dental types of inspection mirrors. 


GOWLLANDS LTD., moriano roan, crovnon, surrey 


Obtainable from Small Tool or Scientific Instrument Dealers 
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Europe’s most 


GOODMANS INDUSTRIES, LIMITED i 


GD. 21 


MAY 1958 


comprehensive range of 


GOODMANS INDUSTRIES LIMITED draw attention to Europe's most 
comprehensive range of VIBRATION EQUIPMENT—providing peak thrusts 
up to 10,000 Ibs. and frequency ranges extending to 10,000 cs. Matched 
OSCILLATOR—AMPLIFIER—VIBRATION GENERATOR combinations 

are available for the greater part of the range covered, 


GOODMANS Vibrators may 


be used 


industrial control applications 


in servo 


and 


For further information or advice, please write to our Technica 


Advice Bureau, 


AXIOM WORKS * WEMBLEY MIDDX * 
Telephone: WEMbiey 1200 (8 lines) 


ENGLAND 





GENERATOR 
V.47 
Peak Thrust 2 Ib. at I ke/s 
Range up to 10,000 c/s 


390A 

Peak Thrust 17 Ib. at! ke/s 
Range up to 4,000 c/s 
790 

Peak Thrust 35 Ib. at 500 
c/s. Range up to 500 c/s. 
8 600 

Peak Thrust 250 Ib. at | 
kc/s. Rangeupto! ,000c/s 


16/600 
Peak Thrust 300 Ib. at 400 
c/s. Range up to 400 c/s 


VG.108 
Peak Thrust 3,000 Ib. 


VG.109 
Peak Thrust 10,000 Ib 





OSCILLATOR 
POWER AMPLIFIER 


‘DS 

Frequency Range: 10- 
10,000 c/s. Power Our- 
put: 5 w. into 3 ohms. 


D.120 

Frequency Range : 10- 
10,000 « s. Power Our- 
put 120w. into !0 ohms. 
at unity power factor 


D.1250 

Frequency Range: 5- 
4,000 c/s. (full output 
10c/s-3,000 c/s.) Power 
Output: 1250 w. into 
15 ohms, 27 ohms, 42 
ohms or 60 ohms at 
unity power factor. 


Details on 
application 


Details on 
application 
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AXIOM WORKS ‘LANCELOT 


We ore interested in the fc 


General Catalo 


Equipment to v 


at | a 


Other 


tems 


Name 


Company 


Address 





TO GOODMANS INDUSTRIES 


LIMITEL 
RD. WEMBLEY . MIDDX 
ENGLAND 


owing 


ue 


ibrate load of 


nm) c'sto 


Suitable driving equipment 


Please mark details required 
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RADIO TELEPHONE AERIAL SYSTEMS LTD. 


{IN ASSOCIATION WITH J-BEAM AERIALS LTO. AND SKY-MASTS) 


REDAN STREET, LONDON, W.14 
SHEpherds Bush 6426 Riverside 7878 


SKY-BEAM 
\ 


DOUBLE EIGHT SLOT 
GAIN 145 DB. 
BEAMWIDTH 18° 


50-480 Mes pAND 
Pe COMPLETE 
oe NOW 

OWNT + AVAILABIF 


TO 
ine eo 


END FED 

MOBILE 
END FED MAIN / 
STATION pipote / 


We are VHF aerial specialists and can advise you on aerial 
systems, technical performance and practical installations, 
and can carry the work through to its final stages. 
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FREQUENCY METERS 


SIZES : 2)” to 8” 
UP TO 5000 CYCLES 
PROMPT DELIVERY 


also the new SYNCHROSCOPE and Phase 
SEQUENCE METER both up to 5Kc. 


and full range of Switchboard instruments 


Ask for illustrated Catalogue 


THE ELECTRICAL INSTRUMENT 
CO. (Hillington) LTD. 
HILLINGTON GLASGOW 


London stockists, H. A. Patterson & Ptnrs., Ltd., 
Oxford House, 23 West Wycombe Rd., High Wycombe 
Telephone : High Wycombe 2769 


4444444444444444444444444464 444444444 LEE eee eee 


if you FOCOO rmmmmesc os -cecmmmmmmams 
a small METAL PRESSING 


for your product, why not consult us ? 
aD « @ 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET, BIRMINGHAM 4 
Phone : CENTRAL 2492 























INSULATEDYINSPECTION MIRROR 
i 


A one-piece steel handle securely soldered to 
a shell carries a 24 mm. diameter glass dental 
type mirror. 

All the exterior is coated with a thick conti- 
nuous layer of synthetic insulating compound. 
The mirror can be used with convenience and 
safety for the inspection of switch gear, relays, 
etc. 

No. 1195 either plane or magnifying mirror. 
List No. 168 illustrated and describes this and 
other dental types of inspection mirrors. 


MANUFACTURED 
BY:— 


GOWLLANDS LTD., moniano roan, croyoon, surrey 


Obtainable from Small Tool or Scientific Instrument Dealers 
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Europe’s most 


comprehensive range of 


GOODMANS INDUSTRIES LIMITED draw attention to Europe's most 
comprehensive range of VIBRATION EQUIPMENT—providing peak thrusts 
up to 10,000 Ibs. and frequency ranges extending to 10,000 c/s. Matched 
OSCILLATOR—AMPLIFIER—VIBRATION GENERATOR combinations 
are available for the greater part of the range covered, 
GOODMANS Vibrators may be used in servo and 
industrial control applications. 


For further information or advice, please write to our 1 


Advice Bureau. 


EET vith, Generators 


AXIOM WORKS * WEMBLEY MIDDX * 
Telephone: WEMbiey 1200 (8 lines) 


GOODMANS INDUSTRIES, LIMITED F 
GD. 21 


ENGLAND 








VAT 
Peak Thrust 2 Ib. at I ke/s 
Range up to 10,000 c/s 


390A 
Peak Thrust I7 Ib. acl ke/s 
Range up to 4,000 c/s 


790 
Peak Thrust 35 Ib. at 500 
c's. Range up to 500 c/s. 


8 600 
Peak Thrust 250 Ib. at | 
kc/s. Rangeupto! ,000c/s 


16/600 
Peak Thrust 300 Ib. at 400 
c/s. Range up to 400 c/s 


VG.108 
Peak Thrust 3,000 Ib. 


VG.109 
Peak Thrust 10,000 Ib 


OSCILLATOR 
POWER AMPLIFIER 


DS 

Frequency Range : 10- 
10,000 c's. Power Out- 
put: 5 w. into 3 ohms. 


D.120 

Frequency Range : 10- 
10,000 « s. Power Out- 
put |20w. into !0 ohms. 
at unity power factor 


D.1250 

Frequency Range: 5- 
4,000 c/s. (full output 
10c/s-3,000 c/s.) Power 
Output: 1250 w. into 
15 ohms, 27 ohms, 42 
ohms or 60 ohms at 
unity power factor, 


Details on 
application 


Details on 
application 
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ENQUIRY FORM 





TO GOODMANS INDUSTRIES, LIM —_ 
AXIOM WORKS ° LANCELOT RD. WEMBLEY. MIDDX 


We ore interested in the following 


General Catalogue 


Equipment to vibrate load of 


at gf 


Suitable driving equipment 
© 


Other items 


A vibration syst 


Name 


Company 


Address 


Please mark details required 


ENGLAND 


n) cist 


m for the 
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ENGINEERING 





A WIDE VARIETY of metallic borides is now available in this country. 
With melting points up to 3,100°C, micro-hardness as much as 
3,400 Kg./sq.mm., andelectrical resistance down to below 10microohm/cm., 
News of these compounds open up interesting possibilities. Their resistance to 
corrosion both by noxious gases and by liquid or gaseous metals and their 
superior properties at elevated temperatures indicate their value for locations 
where inert character and resistance to deformation under extreme con- 


great ditions are of importance. 
Borax Consolidated Limited can offer several borides of the more impor- 


tant metals such as Chromium, Molybdenum and Tungsten either in one 

or both of the chemically pure and technical grades, as well as the borides 
o of some of the less common metals, such as Titanium, Zirconium, Vana- 
im portance dium, Niobium and Tantalum. The chemically pure series has a minimum 

average purity of 99.8% and a particle size of 10-50. The technical grade 

has a minimum purity of the order of 99% with particle size averaging 

5-10. 

Please write for technical data sheets, which give the chemical analysis and 
to all main physical characteristics of each compound. 





See us for METALLIC BORIDES and ELEMENTAL BORON 











metallurgists 


BORAX CONSOLIDATED LIMITED 
BORAX HOUSE - CARLISLE PLACE - LONDON SWI - Telephone: VICtoria 9070 


20 MULE TEAM Registered Trademark 


TGA OXI. 








JASON VALVE RETAINERS 


FOR CONVENTIONAL CHASSIS AND PRINTED CIRCUITS 


THIS is the motor * Plated Steel 


* 3 sizes 


Fix into the hollow rivet holes 
of chassis-mounted valve hold- 
ers of any thickness, or into 
FOR SEQUENCE SWITCHING, CHART od Pee. 
RECORDERS, PROCESS CONTROLLERS, oy Ay Fy yz 


ECF. 80, EF. 80 and EL. 84. 
INSTRUMENTATION, AUTO-LUBRICATION, etc. op tnemediete date 


very. 
LANNE EAE ok SELF 10/- Per sample 100 


ohebineen £3-10-0 per | ,000 . - 4 
* CONSTANT co a 
SPEED * Quantity enquiries to 


THE JASON MOTOR AND ELECTRONIC CO., 


* YEARS OF 
RELIABLE 3-4 GT. CHAPEL ST., OXFORD ST., LONDON, W.!. Phone GER 0273/4 


SERVICE 
* WIDE 


eesrcios || QWSULATION 


Depth |f = %& COMPETITIVE 

SVU: =6hRPRICE Our products include—_ 
Sintered bronze rotor bearings ensure long life. Pal end ned fhe Peers orga era A | 
Power consumed 2 watts. Write or telephone Paper and Tapes; Varnished Silks and Tapes; Varnished 
now for full details of this compact, totally cee: Cotes Seeea, Widnes dod Glooeine, Chosiuoen 

enclosed LIGHT DUTY Motor Unit. Compound; Adhesive and Rubber Tapes; Acetate Coated 


Insulation. 
SM ITHS PRESSPAHN, LTD. atciSTeng, 
BRADFORD, YORKS, ENGLAND Bremer 


CONSTANT SPEED MOTORS Established 1900 W 


SMITHS SSG a waren Sevesees Telephone : Bradford 25135 (Pvt. Br. Ex.) NSULATIg, D 


CONTRACTS BRANCH, 179 GREAT PORTLAND STREET, LONDON, w.! Telegrams & Cables: ‘“Presspahn, Bradford” -y- <a 
Telephone: LANgham 581! ca 





Width 24” 


UE cod 
HUVEEUEDUEDLOADUEDUEODOAEUAEDAGEO EDA ADO AA AnAA EA 
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TAYLOR I ELECTRICAL INSTRUMENTS LTD. 





A revolutionary new idea, 


TAYLOR’S ‘CENTRE POLE’ 


movement sets the standard for 


panel meters. It is the MOST SENSITIVE 
AND MOST POWERFUL MOVEMENT 
ON THE MARKET measuring 5 millionths 


of an amp with complete reliability, and accuracy 


moving coil 


to B.S. 89/54 Industrial limits. Extremely robust, 
this instrument consists of a centre core magnet 


iron ring where the coil 


rotates around the magnet. TORQUE TO 
WEIGHT RATIO IS AT LEAST TWICE 
THAT OF CONVENTIONAL MOVE- 


MENTS. stick-FREE OPERATION, INHERENT 
MAGNETIC SHIELDING. A novel method of dry 


reliability. 


surrounded by a soft 


balancing ensures permanency and 


Patented anti-parallex mirror scale gives accurate reading. The meters can withstand 10,000 per cent overload. 


A wide range of meters, round or rectangular, is 
available with scale lengths from two to five inches 


VERY COMPETITIVE PRICES ' PROMPT DELIVERY 


Samples delivered in seven days 


Write for a catalogue 
Stating your requirements 


oa, Sot — 


: Slough 21381 


Quantities in 4 weeks 
TAYLOR ELECTRICAL INSTRUMENTS LTD., DEPT. EL., Montrose Avenue, Slough, Bucks. Tel 





The quick fastener 
of sure reliability 


FASTENERS 


This is the fastener so widely 

used for fast assembly operations 
in the precision mass-production of 
today. It is indispensable for fastening 
hinged or removable parts which 

have to be cleaned, adjusted or inspected. 
DZUS Fasteners are easily applied to 
solid or laminated materials of any 
gauge. They have tremendous holding 
power but only an easy quarter turn 
clockwise is necessary to lock 

them fast, or unlock them 


Shown herein 
the locked 
position, the 
Dzus Fastener 
is instantly 
unlocked by 
@ quarter turn 
anti-clock- 
wise. No 
special tool 

is required 


Cam operation ensures 
smooth easy working 
yet unbreckable grip; 
fastener can be sup- 
plied of length to suit 
thickness of material 


Stee! spring mounting 
lends great strength 
ond guards against 
loosening, however 
intense the vibration 


Write for full details of application to your particular industry to 
DZUS FASTENER EUROPE LIMITED 

Farnham Factory Estate - Guildford Road - Farnham - Surrey 
Sales Agents in U.K.: THOMAS P. HEADLAND LTD 

Melon Road - Peckham - London - 8.E.15 
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BRITISH SPRINGS % WASHERS 


WILLIAM FINUCANE 


Specialists in Subminiature Telecommunication (Springs and Pressings) LTD. 


Components 
A1.D.  A.R.B. 


AIR : . ELGAR 3757/8/9 


DIELECTRIC , 16A HILLSIDE, STONEBRIDGE PARK 
TRIMMER ‘ LONDON, N.W.10 
70pF 








Illustration (approx.) actual size 
NORRIS EQUIPMENT 
I2Vv type, 500 V. lat 10,000 megs. 
aio Uap ‘ and CONSTRUCTION LTD. 


Width 165mm. Power Factor less than -00I. 
Length 22mm. Temp. Coeff.: 50 parts per Will design and manufacture 
ELECTRONIC EQUIPMENT to 


client’s specific requirements. 


Height 19mm. million per. °C. 














58, QUEENS ROAD, BRISTOL 8 
DEVELOPMENTS CO. LTD. Telephone : Bristol 36817 


| ULVERSTON NORTH LANCS § 7e/- Ulverston3306 























Increased production results in 


COWER RELAY PRICES / DESIGNED 


We are manufacturers of Post Office Type 3000 
relays with contacts and windings to customers’ ' ; 
requirements. i , ' , ELECTRONIC 


FOR USE IN 


Impregnation, tropicalisation and high voltage 
insulation available. CONTROLLING 


Our Sales Engineers will be pleased to call and ~ CIRCUITS 
discuss your requirements. 


FAST DELIVERY 


The unit is double-wound, 
vacuum dried and impreg- 
nated, and sealed with 
bakelite varnish after 
impregnation. The ter- 
minals, neatly disposed on 
the bakelite panel, are 
double-locked to allow for 
any shrinkage in the thick- 
ness of the panel. All 
bakelite parts are sealed after machining. Clamped by heavy 
gauge steel pressings to minimise hum. 


INPUT: 0—400—420—440 volts. 


SECONDARY !. OUTPUT: 500— 
450—350—0—350— 
450—500. [!00mA. 
2. 6.3 volts at 2 amps. 
3. 6.3 volts at | amp. 
4. 5 volts at 3 amps. 


STEVENAGE RELAYS LIMITED 
< 4n Assoc iate Company of W. H. Sanders ( Electroni« 5) Limited. AUSTIN WALTERS & SON, LTD. 
GUNNELS WOOD ROAD - STEVENAGE - HERTS AYRES ROAD, MANCHESTER, !6. Tel: TRAfford Park 1827. 


leph Stev 98 
Telephone tevenage 981 CW 3237 
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SUPERSONICS 


and 


SILVER-ZINGS 


Power for telemetering information from rockets and 
guided test weapons is supplied by lightweight storage 
batteries. Venner silver-zinc accumulators are used in 
guided weapons and test vehicles because of their small 
measurements, light weight, high power to weight ratio 


and constancy of voltage. 





Standard egg shows comparative 


For full particulars write to Dept. E E. size of G.W. Accumulator 


4 ; =. : Egg weighs 2 ozs. 
Y \S J = : G.W. Accumulator 
E N N type SZ 6 weighs 2! ozs. 
i ACCUMULATORS LIMITED 


; f 
A menber of the Vanner Group a7 Senger KINGSTON BY-PASS - NEW MALDEN - SURREY - Te/: MALden 2442 
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RHODIUM PLATING - 
IN PRINTED CIRCUITRY 


as " , > (Ped ow 3 
The value of electro-deposited rhodium in printed circuitry is becoming 
increasingly important,. Because of its complete resistance to oxidation and 
corrosion, electro-deposited rhodium has a very low contact resistance which 
remains stable indefinitely. As a result very low contact pressures may be 
employed, but where, for other reasons, higher contact pressures are necessary, 
the hardness of rhodium electro-deposits gives exceptional resistance to mechanical 
wear. 
In printed circuitry, the chemical inertness of rhodium and its freedom from 
surface oxide ensure low noise level and complete absence of oxide rectification 
even with deposits as thin as 0.000015 in., but in practice, deposits in the order of 
0.0001 in. thick are recommended 
[ Uustrations by courtesy of Telegraph Condenser Co., Lad, 


(ANGELHA RO (NOUSTRIEAS. &. ro) *Our technical staff is at your service to 
LE ee ee i assist with any problems regarding the 
BAKER PLATINUM DIVISION electro-deposition of precious metals. 


52 HIGH HOLBORN, LONDON, W.C.1 ° Chancery 8711 
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Let it be known by 
all and sundry that... . 








ELEVEN WAY CO-AXIAL SWITCHES Type RS I! 
having a frequency range of D.C. to 500 Mc/s and S.W.R. >1.5 


FIXED ATTENUATORS Types RF6T, 10T, and 20T 
having a frequency range of D.C. to 2000 Mc/s and S.W.R. > 1.5 


VARIABLE ATTENUATORS Types RV and RW, 
6 or II step, frequency range D.C. to over 300 Mc/s. 


RADIO FREQUENCY BRIDGES Type LE.300, 
measuring L.C. and R over the frequency range 15 Kc/s to 15 Mc/s. 











. - have been carefully designed and 
manufactured according to the principles laid down 
by Dr. Ohm, Messrs. Faraday, Maxwell, Hatfield 
and Minns, and are now available at short notice. 





% Send for details of these interesting items to :- 


Hatfield Instruments Limited 


CRAWLEY ROAD - HORSHAM <- SUSSEX ~ Telephone: Horsham 3232/2 

















SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES. 
Trade Mark on o 
established 1895 MANGINSAX"’ — GENUINE MANGANIN. 
ENAMEL, SILK, RAYON COVERED. 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS"’. THERMOCOUPLE, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty War Office, Air Ministry 


ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” Phones: GREenwich 3713/4 & 0463 
‘ “GREENWICH CABLES & FLEXIBLES” 


De ees ee eran 


TRANSISTOR POWER SUPPLIES 


Any Voltage 6 to 20 volts at 3 or 10 amps 
Stabilised against mains variation to 0.1°% 
Stabilised against load variation to 0.5°%, 
Protected against overload, short circuit, 
and ambient overheating. Ripple | M.V. 





Sample Orders:- 
3 amps at 6 + volts 
10 amps at 15 + volts 
WENBROOK CONTROLS LTD. 
4 Cheadie House - Cheadle ~ Cheshire 


} 
BSS S892 20S S8 SB EUSESS5E0S9SSS558380H8s 
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The Favourite in The Trade! 
oer! AERIAL SOCKET TYPE CS$3 


* Trouble-free long life 
* Robust construction Fr 1. assume 
* Moulded in one piece pene ENGRAVING 


i FIT TO ALL 
¢ Thoroughly insulated pondhcecne on © 
CO-AXIAL PLUG TYPE CPI TYPES 


* Easy assembly Stel tahun inohncllens i 
* Strong structure L — J J Re ; 
¢ Made for perfect \ EF 

connection by obinson’ 


a= PANORAMA RADIO CO. KENT ROAD - LONDON 
73, Wadham Road, Putney, S.W.15. Telephone : VANdyke 5300 
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echnical background 2 


“The miniature components with the big t 


Sole Manufacturers and Exporters: 

ARDENTE ACOUSTIC LABORATORIES LTD. 

8-12 MINERVA ROAD, NORTH ACTON, LONDON, NWI0_ Telephone: ELGar 3923 
Suppliers of components and hearing aids to the Government and manufacturers all over the world 








Fine wires always in demand 
for precision work 


Lewcos Insulated Resistance Wires 
with standard coverings of cotton, silk, 
glass, asbestos, standard enamel and 
synthetic enamel are supplied 

over a large range of sizes 


Send for our new leaflet 


LEWCOS 


Insulated Resistance Wires 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS, LIMITED - LEYTON - LONDON - E.I0 
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FRE USUC WARD 


flexible cable trunking 


SIMPLIFIES 

SPEEDS 

AND PROTECTS 
CUBICLE-TO-DOOR 
CABLE INSTALLATION 


SIMPLE TO FIX 

COMPLETELY SECURE 

ASSEMBLED IN 30 SECONDS 
QUICK AND ECONOMICAL 

GIVES GUARANTEED PROTECTION 


Already an outstanding success with 
many progressive switchgear manu- 
facturers, Flexiguard has proved itself 
in all parts of the world. Eliminates 
bunching and untidiness this cubicle to 
door wiring, gives greater cable 
protection against chafing and adds 
complete flexibility. The flexible P.V.C. 
tube can be cut to any desired length 
and the brackets have an internal radius 
to ensure freedom of damage by 
movement abrasion to cables. Fully 
insulated and simple to fix, send now 
for free sample and comprehensive 
literature of Flexiguard cubicle to door 
cable trunking. 


Find out about these other Insuloid products 

AS ADJUSTABLE CRADLECLIP, 

SADDLES, PLASKLIP, 

SAS SINCLE SCREW BUS BAR INSULATION, 
ADJUSTABLE SADDLES TYPE NX, X & CY CLIPS 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leestone Road, Wythenshawe, Manchester 
Tel: WYT 2842 & 3163 Grams: INSULOID MANCHESTER 
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OUR FIRST 


This is cur first advertisement in “Electronic Engineering’, although we 
have been manufacturing quality quartz crystals for over 30 years 

The reason for the advertisement is that we want to tell you that we have 
just moved to a new factory that has been built and equipped with one object 
in view—-the production of reliable and accurate quartz crystals 

We manufacture crystals in a very wide range of frequencies, mounted in 
all the approved types of crystal holder, and if you require a single crystal or 
a thousand, we think it will pay you to get in touch with us first 

We can offer prompt deliveries, and a technical advisory service on 
circuitry and other problems is always at your service 


If it’s crystals, think of Q.C.C. first! 
THE QUARTZ CRYSTAL Company Ltd. 


Q.C.C. Works, Wellington Crescent, New Malden, Surrey 
Telephones: MALden 0334 & 2988 Grams & Cables: Quaortzco, New Maiden 
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PLUGS, SOCKETS, 
AND 
SOCKET STRIPS 
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SPEAR ENGINEERING co. LTD. 


WARLINGHAM - SURREY 
Tel: Upper Warlingham 2774 

















P.0. Type 3000 


The most versatile relay 
available today. 


Coils up to 120,000 
Spring Set Insulation up to 
5K 


Polarised, High Speed and 
A.C. Relays. P.O. and 
Muirhead Key Switches, 
Uniselectors tc specifica- 
tion, also type 600 Relays. 
Built to R.C.S. and R.C.L. 
161 and 153 if required. 


Consult the 
Speacatists / 
ack Da vt5 (‘Fetays) Ltd 


0) ae oe 


ELE PHONE uM mM 160 


Are you aware of the variety 
of contact build-ups we can 
assemble? Your problem may 
not be as bad as it seems if you 
take advantage of our wide 
experience in the unlimited 
uses of this adaptable product. 
@ Quotation by return 

@ Prototypes within 48 hours 

@ Good delivery gutaraneed 


TUDOR PLACE .LONDON. W 


ANGHAM 48?! 





A MUREX ‘SINCOMAX’ 


CO-AXIAL MAGNET is used in this 
WEIR MOVING-COIL METER 


ACTUAL 
SIZE OF 
MAGNET 





Murex ‘Sincomax’ Magnets permit this 
construction of a magnetic system which 
has the lowest possible leakage, and a 
high stable uniformity of flux distribu- 
tion over 100° coil movement. 

Write for Standard Magnets Booklet. 
Technical representatives are always 


available for consultation and advice. 





Photograph of the New \ MUREX LTD. (Powder Metallurgy Division) 
We'r Moving Coil Meter 

by courtesy of The Weir RAINHAM ~+- ESSEX °- Rainham, Essex 3322 
Electrical Instrument : Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex, 

Co. Ltd. London Sales Office: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.1 EUSton 8265 





Slotted Lines for VHF and UHF 
vm MEASUREMENT 


PRECISION COAXIAL LINES 


50—60—75 OHMS IMPEDANCE 
complete with indicators. 

Type LMM 3916, 80—300 mc/s. 
Type LMD 3926, 300—3000 mc/s. 


NON-SLOTTED LINE FOR MICROWAVES 
Robust and accurate: craftsman-built: laboratory-tested. Type LMC 3931, 1700—8000 me/s. 


These instruments are part of a complete range of the most Direct reading on dial gauge. 
Variable input and output coupling. 


modern and precise tools available to the radio engineer Indication on galvanomete:. 
Provision for external AF amplifier. 


engaged in research and development between DC and Can be used above 10,000 mc/s 
r depending on mode of wave. 
Microwaves. 


@ BALUN TRANSFORMERS 
@ REFLECTOMETERS AVELEY ELECTRIC 
@ REACTANCE LINES AYRON ROAD. LTD. 
@ UHF WATT METERS AVELEY INDUSTRIAL ESTATE 
@ UHF MILLIVOLTMETERS SOUTH OCKENDON 
@ UHF SIGNAL GENERATORS ESSEX 

U.K. Concessionaires for Rohde & Schwarz, Munich 


Telephone: South Ockendon 2021. Telegrams: AERSALE South Ockendon, Romford, Essex. 
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CROID 65 


MACHINE FIXING GLUE 


COOPERS 
FauY 


eo ifite: 
On THERE. ... 
On Theme... 


Imagine your machines stuck down on a 
felt base which can absorb over 80°, of 
vertical vibration, which has a holding power 
of 50 Ib. to the square inch, which does 
away with bolts, grouting, damaged floors. 
Then imagine deciding to change your 
layout when the workers have left one 
evening and having all the machines 
ready for action again in the morning. That's 
what Croid-Cooper can do for you. 
Send for details to-day. 


COOPER & CO. (B’HAM) LTD. 


BRYNMAWR ~- BRECONSHIRE 
TELEPHONE : BRYNMAWR 312 











DEPENDABLE RELAY P.O. TYPE 


OL OTe fy if 02 


3,000 & 600 


8A AINGER RD., CAMDEN TOWN, LONDON, N.W.3. PRimrose 8161 RELAYS 
Head office, 12a Tottenham Street, W./ 


Typical 
3000 TYPE RELAY 





when only the best will do. 





Manufactured to your 


specification to 
A.L.D. & 1.E.M.E. standards 


%* COILS up to 80,0000). 
* CONTACTS up to 8 amp. 
* INSULATION up to Skv. 


PROMPT DELIVERY 
PROMPT QUOTATIONS 
*& PROTOTYPES 7 DAYS. 
*% SPECIALISTS in TROPICAILSATION. 


*% TRANSISTORISED RELAYS. 


Technical data leaflet on request 





Contractors to 
LEADING MANUFACTURERS 
P.O. & GOVERNMENT DEPTS. 
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atenaiiae Variable Speed... 


...accurately controlled 


Sractional up to 35ur Duves 


... by either Hand, Remote 
Electrical, Lever or Hydraulic 
Relay controls which may be 
adjusted with the Gear 
running or stationary 

Carter Hydraulic 
Variable Speed Gears are 
made in ten sizes for 
drives from 0.25 up to 35 
horsepower. 

Positive displacement 
action ensures a high degree 
of ‘controlability’, a feature 
of prime importance for many 
continuous process drives. 


Write for Folder 458 


Specialists for over 20 years in the 
design and manufacture of Hydraulic 


Variable Speed Gears. 
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Remote Electrical control 
push button operated 
from any number 

of convenient points 

is shown fitted to 

a Size Fi0 Carter Gear. 
Limit switches are fitted 

so that maximum 

and minimum output speeds 
may be pre-set 

and special circuits can 

be arranged to give a wide 
range of operating times. 


Ointam Cine aa 





BRADFORD 3 

YORKSHIRE & 
ENGLAND a=) 
‘phone: Bradford 64378 (3 lines) 


‘grams: ‘Became’ Bradford Telex. 
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lcci ‘A SELECTION 


Miniature plunger, door interlock 
switch with N.O. contacts, 2-amps. 
550-volts A.C. Size 24” long « I” dia. 
(Type C 32 L 310). 


FROM 


mel 
Pes 


fae 


LARGE RANGE OF 


Flush-mounting T.P. 
switch for building-in Machine fs 
Tools, etc. 30-amp. 550-volts pee N 
(Type C 95). ‘ 


isolating 


7 





The New Small A.C. Power Relay 


Available 2-, 4- or 8 poles (with one or two coil circuit 
change-over contacts), fine silver double-break 
main contacts rated at 10-amps. 550-volts 
Any pole can be N.O. or N.C 


Ilustrated is a 4-pole enclosed relay 


DONOVAN 


74 Granville St., — Birmingham |! 
LONDON DEPOT: 149-151 YORK WAY, N.7 GLASGOW DEPOT: 22 PITTST., C.2 





Terminal blocks (Type J 96) 
with clamp type terminals, white 
marker strip. Generous clear- 
ances between phases and to 
earth. 

Made in the following sizes: 
15-amp. 550-volt. 3-, 4- and 6-way. 
30-amp. 550-volt. 3- and 4-way. 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, 
GLASGOW, BELFAST, BOURNEMOUTH. 
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CAPACITORS 


TRADE MARK OF RELIABILITY 


for abl applications 


DRY ELECTROLYTIC 

METALLISED PAPER (HUNTS PATENTS 
METALLISED PLASTIC FILM (HUNTS PATENTS) 
PLASTIC FILM ~- FOIL & PAPER 

SILVERED MICA STACKED MICA 

CERAMIC + POWER CERAMIC 
TRANSMITTING AND SPECIAL R. F. TYPES 


RADIO AND TELEVISION EQUIPMENT 
ELECTRONIC EQUIPMENT 

POWER FACTOR IMPROVEMENT 

CAPACITOR MOTORS * FLUORESCENT LIGHTING 
PHASE SPLITTING «- H.F. AND R.F. HEATING 
IGNITION AND INTERFERENCE SUPPRESSION 
TELEPHONE INSTALLATIONS 


A. H. HUNT (Capacitors) LTD., WANDSWORTH, LONDON, S.W.18. Tel: BATtersea 1083 


Factories also in Essex, Surrey and North Wales 
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TAPE RECORDERS AND 
CONTINUOUS PLAYERS 
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MODEL 81/70/75 


@© 


MODEL 90 SERIES 
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For full information 
please write to: 
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FOR INDUSTRY © 
THE REFLECTOGRAPH professional tape recorder pre- 
viously supplied in limited quantities to Broadcasting authorities, 
Recording Studios and Laboratories, is now being manufactured 
by Multimusic Ltd. 


The Reflectograph Model 500 is self-contained. The portable 
duo-tone case is finished in luxan hide and pigskin colours and is 
complete with an output amplifier and two matched loudspeakers. 


Model 501 has the same technical specification but is supplied 
in a metal case for industrial use. 


Reflectograph 400 is supplied in three units for incorporation in 
laboratory equipment. It comprises the Reflectograph deck mounted 
on a stand, combined record amplifier and playback pre-amplifier 
and power pack. The units complete with inter-connecting leads 
have been designed for operation in conjunction with leading makes 
of high fidelity amplifiers. 


Reflectograph Model 550 has the same technical specification as 
Model 500 with an additional replay amplifier to provide stereophonic 
reproduction from tape and from records if a suitable pick-up is con- 
nected. The fine wood case does not incorporate the loudspeakers. 


Peak level recording meter; Push- 
button record-playback controls with 


Fitted with 3 heads, separate record 
and replay amplifiers, enabling instant 


comparison to be made between signal 
recorded on tape and the input. 

Variable speed between 8 and 3} i.p.s. 
Stroboscope, lit by neon lamp, shows 
precise speeds of 7! and 3} i.p.s. 

Easy tape threading intoa straight slot. 
Provision for conversion to stereo. Lever 
deck controls, providing variable speed 
wind forward and back from extra fast to 
inching for editing; sound available for 
editing if required; instant stop and start. 


record safety latch; Clock-type tape 
position indicator ; 3 Garrard motors ; 2 
matched loudspeakers ; Accommodates 
up to 8}” reels. 


3 watts undistorted output; overall 
response strictly to C.C.I.R. recom- 
mended specifications; 2 input and 2 
output sockets. Fitted with Bib tape 
splicer on deck, complete with reel of 
tape, spare reel, 2 screened jack plugs. 


Model 400 specification is similar to above, excluding 3 watts output, 2 loudspeakers 
and 1 output socket. Additional facilities include sockets on chassis for radio and 
pick-up; socket for microphone on instrument panel, where an additional switch 
provides instant selection of 3 inputs. 


RODUCERS FOR ACKGROUND MUSIC ANI RATION 


TheReflectograph Continuous Players are probably the first British Made heavy duty 
machines in quantity production, specially designed to play recorded tapes contin- 
uously. Tapes are easily threaded and the machine may be started and stopped 
manually, remotely or by a clock. The tape is played down one track, automatically 
reverses and continues to play on alternate tracks until switched off. 


Model 81/70/75 operates at 3? i.p.s. and plays for up to 2 hrs. 8 mins. on each of two 
tracks. By means of a 20 cycle note, recorded at the end of each track, the machine 
automatically reverses. A 3 watt amplifier is incorporated but a high level output is 
available. Start and stop is electrically controlled so that remote or clock operation 
is available. 


An alternative model incorporating a recording head and amplifier is available with 
a selective amplifier for the recording and reproduction of tones for instrumentation 
and automation. 

Model go series, made to special order, provides all the above facilities with reversing 
by note or light with capacity of up to 12 hours playing time before repeating. These 


machines are of the standard size for rack mounting and can be supplied to operate 
at other speeds than 3} 1.p.s. 


LECTOGRAPH DIVISION, MULTIMUSIC LTD., 
LANDS AVENUE, HEMEL HEMPSTE 





